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. . 1" - PREFACE - SR
v . The Research on 3valuatlon Proﬁram is i Northwest'Regional 3
K "Educational Laboratory prﬂﬁ\ct of sreSearch, developmen » testing,
B . -and training designed to create ‘new evalua@ion methodologies for.~
. .+ . use in education. This document’ is one bf a series o papers and
S .~ reports produced by program staff, vis1ting scholars, adjunct

" _network’ of colldagues working on .the development of new oo

- . - -schelars, and project collaborators--all members of 'a cooperat}ye:> . N

methodologies. s ‘ “
‘. ' ’ .“2_ )
o« - Hoq can mathematical modeling be used to assist in the solution of"’
O c¢omplex educational problems?, What épplications have been made of
_ . .these techniques in applied settings? .These and related issues
. ' are discussed at lengoh in this volume on the use of multiple
. alternatives aﬁalysis in educational decision making. This volume
- discudses the ‘nature and use of mathématical modéls, and how they"
. are constructed and impledénted ; ractical educational settingss
- Lo An extensive example of the ap ication of these: ;procedures in o
-determining fiscal cutbacks and program ‘terminations during the o
reduction of éducational funding is also provided here.
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, . _ INTRODUCTION "AND' PROLOGUE
Tt s |
;"ﬂ*a— ~«You are about to embark upon dne of - the more worthwh1le read-
S ’lng exertises’ of your educat1ona1 ‘and adm1n1strat1ve career
. ' ‘ . 1
) This book conta1ns an‘lxposwtwon of a mathematical technique
;for the evaluation and decision-making of some of the most complex s
! :Esues fac%ngtprofess1ona] educators today -- at all levels, frpm .
/ the bu1]d1ng principal- and district superintendent, to the state
" office superintendent and federal office director. The reader
3 s advised and forewarned, that understanding the informatigh
" found within this text will not‘proceed without conscious effort

. on the part of the 1nd1v1dua1 wishing to understand the technique
descr1bed ‘within this text.

- Considered (hopefully) a more readable and diversely applica-
‘ble sequel to its predecessor: !

THE DESIGN, IMPLEMENTATION AND EVALUATIQN OF *MATHEMATI CAL
MODELING PROCEDURES FOR DECISIONING AMONG EDUCATIONAL
ALTERNATIVES (University Press of America, 1980; 474 pp.)

which dealt totally with the issue of decisioning.school closures,
- this current text will explore in detail the application of simple
a]gebra%c techniques (commonly referred to as integer program-
ming or operations research techn1ques) to such complex
educational issues as program reduct1on fiscal ro11~backs, and
the matching of computerized hardware/software'purchases to ex-
istingdcurricu]um objectives for computer-assisted and computer-
managed instruction. Severa] other applications will also be
': ment1oned in a later chapter deyoted to current 'draw1ng board'
deve]opmenta] designs. ' ‘ ’

13
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The ‘intent of.this writinq is of course to educate the reader
as well as provide conv1nc1ng ev1dence of ‘the utility f the model
illustrated for spec1a1 eva]uatlon and dec1sxon -making within

“ . what will be called the multiple alternatives context. In this
context, potential so]utfons are viewed as multiple.-- that is,
the solution existing as a series of Several individual actions
which in combination effect the desired(reso]utian of the identi-
fied proflem. For example, the decision as to which school to
close, and how many, are simultaneous, -interactive-effects il-
lustrations of the utility of the MAM>framework Equally import- -
ant to the reader (as well as this author obviously), is the
.fact that this book demonstrates the utllity of quant1tat1ve

\ assessment . techniques for solving the more comp]ex -- often said

«

®

yto be unsolvable -- problems facing the emerglng educational

profe551ona1 today
<

- Multiple Alternatives Analysis for Educational Evaluatijon and ¥
1@—‘5-

1 4 w1

N . Part I: Introduction to the Modeling Formulation _
' ' Part II: Presentation of a Full Formulation . ﬂ,

Decision-Making is comprised of four major parts:
T _

Part III: Example of a Complete Quaptitative Solution
Part IV: Future Extensions and Summary.
wherein each of the underlying eleven (11) ghapters are presented

as stages or phases of modeling development ‘and construction.
L

The first. part (Introduction to the Modeling Formulation)
consjsts of four chapters which discuss the various stages of
modeling development related to: acceptance'of a modeﬁing
formulation for decision-making, contextual assessment, planning
for modeling development, and lastly, its specific design. The
specific content for these chapters will address the purpose of
a modeling framework related to budgeting roll-backs under fiscal\




-

. crises. The purpose “of ut111z;ng specific rea] wor]d prob]ems
i to 111ustrate the application of the model is ohvious. .. ‘,'ﬂ
, 2 -
The second part (Presentation of a Fu]] Formu}ation) is com-
posed of fodr'chapters’alsoé and"provides a highly detaiféd,
step-by-step ‘narrative describing the multiple.alternatives ,
: framework as a matching strategy for purchasing micro-computer
hardware and software for CA] and CMI demarids. These ch pters
prov1de 1nformatﬁon concerning: the\7n1t1a1 -conce at1on
of the modellng framework the development of its/clnstruction
charactermstlcs, the format for: 1ntended execution. and 1mp1emen-
tation of the model, and adtly, the specific approach to be.
utilized in exploring the resultind solution(s).
: Chapter Nine is the sole entrant w1th1n the third part of
this manuscript, focus1ng specifically upon the actual implemen-
tation of a MAM framework for determining fiscal roll-backs and
program terminations during a state of educationa] funding
\Wcrisis. The reader is cautioned not, to skip this chapter because
of its technical nature, or since it is definitively mathemat1ca1
3 The presentation is wr1tten s1mp1y (or simply written, dependTng
. upon your point of view); and though requirindqthe reader to ex-
tend some effort, it is illustrative of the 'beauty'*of the model
for complex decision-making which effects the entire schoo] o
district as a total organization. -

. Finally, the fourth part of this work consists of two chapters
which focus upon current extensions under redearch and development,
and some parting thoughts concerning the whole process, respec-

. “tively. For the.fndiyidUal'nho‘intends to actually experiment
with the approach narrated in this text, Chapter E]even'js @g§t

reading -- as of course (you realize) are the first ten chapters.

Good Reading!!

Brent E. Wholeben
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INTRODUCTION TO THE MODELING FORMULATION
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INTRODUCTION TO CRITERION-REFERENCED -
. - MULTIPLE ALTERNATIVES MODELING

.
<

T EqQFationa].aecﬁsioh -making has evdlved into a'aast complex \\ o
) and demanding process. What was, once a realm almost comp]ete]y
_assoc1ated with experwence and 'arm- chair reckon1ng 5 adminwstra-\],
't1ve perogat1ve now demands a highly Jnformed* structura] and v
. often equa]1y complex approach to problem remediation. Educa%ors
~and educational adm1n1strators in part1cu1ar have over the past
. "several years -chosen to 1gnore the need to develop more sophwst1-
; . cgted decision- mak1ng strateg1es Now however, the direction 1s .
c]ear., Prob]ems representat1ve of desegregat1on declining
_ enro]]ment "schoo closures, distinct conso]1dat1on, attendance@
boundary red1str1ct1ng, P.L. 94-142 comp]1ance and (education'm

: perren1a] nemes1s) reduced fund1ng allocation -- taunt ‘every
Js? educatwona] sys%em, from small schoo] districts through state and -

federal offyces

a

Many of today's complex éducationa] jssues can be translated

0o what has become known as ‘the “mu]tiple—alternat1ves problem"
(ééoleben~ 1980a) ~ For examp]e, in eva]uat1ng several elementary
schoo] s1tes for c]osure the quest1on i§ not, "whether site- A e
versus s1te-B is q]osed" but rather how many sites and whwch ones
should be deactivated in order to fulfill: (1) the objectives of »

, the required decision (what we will come to call 'constraints"')
ahd (2) the needs of the district involved (which we will soon
learn is the cond1t1ona1 vector ). Likewise in developing
sophisticated curricular systems the specialist discovers that

" many alternative instructional activities exist which could. be
implemented in fulfillment of the requirements for a prioriw
stated instructiOna] objectives (themselves related to desired

“concept- 1earn1ng) Obvious resource factors such as time, cost .
and the vary}ng expertise of avallab]e personne] militate agawnst




the therw1se ootwma] so]ut:on of "d01ng evervth1ng" However,
are activities 'A' and ‘B! in regard to sat1sfv1ﬁg some aspect of
objective:A? Is A more cost]y yet more effectlve, while B is :

7 “ass costly but not as effective? Are both A and B 51m1]ar1y

tual prob]em is much more subt1e. For examp]e, how re]ated

_ ff1c1ent in- terms of time required for presentat1on and/or
concTu51on of the act1v1ty( ) itself? And even more subtle, does -

the se]eEtlon of A in terms of some stated objective affect the <%

. actqutles that may .be chosen for ‘another obJect»ve,,re]ated to a
different though requ1red concept’ . )

o e
. t
? A 4

" Thus, the hu]tiple alternatjves approach to modeTiﬁg'marious' '
~complex situations in the educationallsector is itself-a complex =

milieu; with the"pUrpose of designing a thorough, highly-
strugtural decisioning model to adequately assist the educational »

- decision-maker in understandlng, analyzlng and dec1s1on1$g (sic)’

the mu]tlp]e a]ternatlves' prob]ems faced today.
l The treat1se contained within thlS present vo]ume concerns’
the exp051ton and multiple-alternatives 1nterpretat1on of those
comp]ex and, highly volatile preblems in education, w1tnessed as.
o .Given a situetien pf,reduced resource allocatiqgn (and"
therefore requiﬁed.reduced expenditure) across educational
~units*, how many units will be contlnued and whlch ones;
' Subject to the budget ‘being balanced and the goa]s of the
schoo]'(d1str1ct) maximized. ... white (of course) m1n1m1z1ng
any perceijvable negative'i@pac?'upon the system as -a whole.

.

*unit =: alternative program budgets for funding;

alternative schob]-bui]ding sites for c]d%ure{

alternative curricﬁlar activites for implementation;

alternative matches for computer hardware and soft-
. ‘ ware fok CAI/CMI instruction: and .

- . ,
alternative assignment patterns for attendance . areas.

a4

v

-~



. .
o . . o ]

. A final word (of caution) is.required at this poirnt for the .
reader... S . R

1 -

.
o

J .oEducat1ona1 decxsxon-mak1ng ‘today*is. a tr1cky business,’ fuli
" of hidden, agenda and unforeseen p1tfa11s " The responsible
dec1sgon maker views a complex issue as (therefore) complex; and'
does not subscr1be to the overused adage, “simple solutions to
comp]ex problems- should be your objective." Obviously, the
prob]em solver cannot attach issues, by "making mountains out of'
e molehills", but: hust nonethe]ess recogn1ze each "mo]ehw]]" as a

- partwculate -source of a "new mounta1n " _ o
* . 'v“ . l
el '

¢_It is not the hidden goal of the author to convince the
reader, that the mu1t1p1e a]ternatlves approach ‘to certain educa-_
”t1ona1 probTems is the perfect so]ut1on However, the “MAM" )
is strongly $ggested to be one of . a minority of preferred tech-
‘niques which the emerging edudational adm1n1strator must be aware

.‘,:,.i x.of and rudimentarily understand .
‘ A L

» . . : ‘
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VISIBILITY, RESPONSIBILITY AND ACCOUNTABILITY IN DECISIONING
' 5 B N o 3 g N

- ]
P
! -~
- e . [
.

Education is bombarded daily with' demands for evaluative

decision-making and ¢lear-cut answers to those d11emmas current]y )
facing. the schools. Dec11n1ng enro]]ments, schoo]s closures,

J,decreas1ng fiscal reserves and funding bases, personnel lay-offs,

1nab111ty of h1gh students to read write and compute at desired
prof1c1ency standards, deseqregat1on and bussing, fnner- city .
flight and.suburban blight, grade-level reconf1gurat}ons for re-
distributing certain age-segments of childreh for maximized pro- "
gram coverage, and fiscal program roll- backs and 1nstruct1ona]*
program d1scont1nuat1ons == all focus upon ‘a very swmp]e point .

" that most educat1ona1 administrators have failed to recogn1ze

throughout the past two decades

+ valid and re]iab1e~so]ﬁtions~to.coﬁolex issues’
occur f -and only if the evaluation and decision-
making procedures to deve]op those solutions weye
themse]ves va11d and reliable. '

Aithough-the.feader might-acknowledge the above rumination as

‘a rather trite comment, it nevertheless can no ‘Tonger be 1gnored
“that educat1on is ill-prepared. to dea] with many of the prob]ems
' facwng it today. Current: prob]ems assoc1ated with school closures

or fiscal roll-backs- @{e extremeJy omg]ex (admittedly, also trlte),
'yet administrators still c11ng to that age -0ld adage:

)

"Don't make mountains out of mole hills!®,
sharing in the belief that complex prob]ems do not require'comolex

evaluations and decision-making strategies. This is not a belief
shared by this author, however. I

‘11



" making within the educgt1ona1 sector. Even in terms
and very. affordable m1cro-computer (1nc1ud1ng APPLE and -TRS- 80)

The Age of_ggmplexdty' ' _ ) ~
- f - . . g '
: o . \ . . \
With the advent of Computerizationm-;“ahd their wide-spread
acceptance and uti]fiatioh'during the: mosf‘receht decade -- the
not1on of comp]@kity is no longer a barrwer to 1nfor$ed decwswon-

of the swmp]e

soph1st1cated eva]uq}won and decision- or1ented software packages

are available .and mbreover hwgh]y usable, wmthout a great de 1 of

prior tra1n1ng or instruction (e.q. DB MASTER - a managemen
information system database geﬁerator, or VrSICALC -- an arithme-
tic worksheet computat1ona] scheme for quant1tat1ve1y—or1ented

a\a1y51s needs).

whereas'the'issuefof complexity was often a legitimate reason

'for,not'being able to.solve cémplicated problems as recent as
“the early 1960's;2it has today become a oft-used hedging-techniuue‘

behind which upsophisticated and uninformed adminstrators attempt
to hide.fromvtheir responsibilities as educational leaders.

One'only has to survey the various colleges and unijversities

where educat1onaL adm1n1strators are trained and certified, to
-obtdin an accurate p1cture of the reasoh for decay and retrench-

ment w1th1n educatlon ]eadersh1p today. Ab1l1ty to understand

and apply statistical analysis, research methods and evaluation . -
orocedures are viewed as academic course requirements -- rather
than as know]edge and/or’ pract1twoner prerequws1tes. Many admin-

‘1strator tra1n1ng programs do not even require formal courses in’
- evaluation techniques for\comp]ex jssue decisijon-making -- or for
'bthat matter, even simple issue decision-making. Seldom are there

requirements for formal courses pertaining to. the understandmng
of computer app]wcat1ons to education.

None of these charges should be of any surprise to the reader,
since many teacher training institutions have yet to offer formal

12
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coursework pertinent -to the ro]e of micro-computers in the class- *
room -- for both computer aSSisted and/or computer -managed in-

Struction -- while the schoo]s are’ purchaSinani rocomputers and
"packaged CAI/CMI software at a fantastic rate The agelof com- _
p]eXity has tru]y changed from a time wherein comp]ex questions\-c
and answers were ana]yzed via comp]ex procedures, to a time (now)
where the}dea- of complexity deals more with . understanding% “why
we do whatever it is we do".

rd . _— °

The Need For Visibility‘

With today* S know]edge of new ways to attack and reso]ve o]d'
proﬁhems, and the computerized hardware and software to achieve
implementation of these new ways, emerging educational adminis-
trators can (and must) become ‘leaders in their field. They must =
”:take'the initiative necessary to evaluate complex issues with an
~yopen'mind -- free of thé politically oriented nonsense'which has
_ brought the educational professional to the lowest rung .on the
prpfeSSionai ladder as far as prestige and trust..are conserned.
Today S administrator must come to understand not on]y the prob]ems :
within education today -~ but also their beginnings as well as

_ ﬁﬁ'intended or required solutions. Tb not do so, is. certainly
the ch0ice of malfeasance and ignorance over. progress and direction.

I

Visibility is the key Today's educational ]eader must not
on]y be visible to the school and community served "but must in
fact a]]ow prob]ems within “that context to surface and be examined
open]y and tota]]y for potential reso]ution Attendance at board
meetings, comnunity organizationa] functions, and neighborhood
meetings does Tlittie to promote ViSibilitv of any significance.
That ViSibility which is of concern here, is -the creation of an
environment within which valid and reliable evaluation can be
performed, and within which informed decision-making can thus be
possible.

13,
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The Need For Resoonsibi]ity ¢

-

. Forgnng a miiieu constructed upon ‘the principals of openness

and visibility for probﬁem-examination and prob]em-501Ving, Wili
produce litt1e more than chaos and randomized schizophrenia

) un]ess there is strict onger and direction to the process. The

]

address of critical problem issues requires what many philosophers. ,
(for(iack‘of another term) have ca]]edlthe"team-piayer‘ approach.
A ' oo S

i Unfortunate]y, team-p]ayers in the strictest sense follow the
ru]es of their team -- and in most games of contest, there are at
least two Sides One on]y has to review the proceedings of many
management union negotiation meetings in order to derive a
perspective of how two groups striVing for' the same ends can in
fact destroy the process -- and often the ends sought Unfortun- ,
ately, many of today's educational crises can not’ (and moreover
_will not) be patient for such groups to reso]ve their political
and mutua] differences '

'
I

~ Evdluation and decisioning teams are no different. Members

~ form sociometrical sub-teams though only a single, formal team

-

exists. -The need to initially identify direction, focus and the
medium for projeet control can often consume several hours of
meeting'time because of de]ays'associated with personal differ-
ences. Thelend-resuit of.an evaluation projeCt.is'ggt the exist-
ence of team harmony -- it is the solution of thefidéntified
problem. Team-harmony is but the process.

~ The key. is responsibility. Educational administrators as the
key decision-maker _of the organizational must be responsible not
only to the members of the evaluation team, but also to the
constituents of the particuTar_educational organization involved.
This. educational. leader must notvonly be responsible to the

- community, but must®also portray responsibility regarding the. use

PEN
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\ : i .
and  acceptance qf the eva]uatuon~team, §tseﬂf while the evalua-
. tion process must be open and visible, so also must the workingsi”
of that team be ]eft unencumbered by the adminstrator._ Though

P ,.v-certain deciSion a]ternatives\may be uncomfortab]e or persona]]y
.'di . undeSireable, the team must be left -- moreover, encouraged -- to-
“ﬁexpl re edch-and everj potenti\] problem reso]ution érd'its W
aSSOCiated procedure). - N . ’

s

L

" The Need For Accountability. . - o . o iz

Finally at stake in the evaluation and prob]em reso]ution h" lf!g
process, js the issue of accountability Whereas ViSibility Rre-
pares the milieu for probiem resolution, and:responsibility is
the primary ingredient for performing the problem-solving actjv-

*jties, it remains the role of accountability to prepare for final
acceptance’ of the deCiSion( ) made. » |

However; accountability can not exist without visibility and
PR responsibiiity as necessary allies. The visibility of an open
process, available for all to scrutinize; the responsibility
’of executing a valid and re1iab1e process in which various so]ution;
a]ternatives are exp]ored examined and eva]uated, and preparation

& -of materia]s and documentation demonstrating speCifica]]y why one
solution was, selected over all opponents -- Signals the successful
environment for valid and reliable- deCiSion-making '

The Applijcability of the Multiple Alternatives Model

! . ’ .
! .

As the reader progresses through this text, it will become
more and more apparent as to the utility of the MAM framework in
addressing. each .of the above jssues concerned With Visibi]ity,,.
responSibility and accountabi]ity Comp]ex issues demand comp]ex-

@ . ) . . /
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' comp]ex eva]uatlon techn1ques, and ofter equa1]y comp]ex f

' so]ut1ons. W1thout a. soph1st,cated techn1que to’ address these ' ¢ _;

'prob]ems -so]ut1on 1dent1f1cat1on and deve]opment can be extreme]y
tedmous, and open to errors oOf many k1nds. At the same time, if = -
_ the sophisticated so]ut1on generation technique 1s ne1ther '
understandable nor v1s1b1e to the group author1z1ng the st&dy,

“the po]ut1on resu1t1ng w111 nev -be accepted (embraced?) ?y_the h
1nd3v1duals nequ1r1ng the 1dent1f?ed prob]em S so]ut1on.- ".

. Because of MAM requ1rements for str1ct cr1tef1on def1n1tion
: and measurement sca]wng, and becapse each and every potent1a1
'a1ternat1ve so]ut1on is avax]ab]e for checkgand recheck as, the ;
system progresses toward f1na] so]utwon - the mu]tlple a]terna-
tives mode]lng techanue 1s hlgh]y des1reab1e as a strategy for
sdlving- comp]ex prob]ems of the mu]t1p1e a]ternat1ves‘ type.

s . ] R L »
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SIMULATION TO STUDY FUTURE DECISIONING ' IMPACT

! +

>
)

Before we move 1nto the rema1n1ng three top1cs of this flrst

_:}chapter,cand deve]op the genera], underlying thesis of the MAM
.r_approach -- some time should be spent 1ndoctrlga;;n3;the reader ~

to the role of simulation within evaluation an deciyion-making.

Simply: stated, s1muﬂatxon means to “trv someth1ng before ac-

o tua]]y doing" L The act of. try1ng~out an idea is certainly not
ffa revo]utlonary approach to prob]em-so]v1ng However, some
4'-fprob]ems aré of such a critical nature, that implementing a par-

t1cu1ar solution and examining its effects’ may result in other

R ,problems compTete]y‘unforeseen,to the or1glna1 problem-solvers.

Slmulatlon 1s a means by wh1ch the use of criterion var1ab]es

;jwhlch are accepted as indicative of certa1n env1ronment charac-
Artterlst1cs, can assume values which are predictable of the extent
Aito wh1ch certain types of so]utlons will be successful. Besides.
"the use of cr1terxon indicators as 'impact pred1ctors', criterion
. ‘can also.be ut111zed to ‘compare various potential so]utlons in
'vJorder to se]ect a certa1n subset of these possible strategies as
h "Wthe 1nd1v1dua1 so]utlon(s) to execute in the face of the identi-
';Tif1ed dwfflcu]ty. By merg1ng the use of criterion variables to'

'_Fengluaté and compare identified potent1a1 so]ut1ons, with the use

”

"7;~1 ator/dec1510n-maker to vary the model's requwrements for f1nd1ng

LR L

4ﬂof crlterxon 1nd1cators for pred1ct1ng envwronmenta] impact due
J?"to the: varwous ‘combinations (and permutatlons) of the potential -
"?@_strategles bes ng examined -- the ab1]1ty to simulate the future

of the organlzatlon, based upon certa1n resolutional strategies,

‘ 1s posswb]e

Not on]y does the mu]tlple a]ternat1ves mode]lng framework
promote such simulative technlques, but 1t also allow§ the evalu-

‘ @
K , o ¥
vff} . :‘_?.;-, o - u‘\
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a solution (called the constraints forxthe process) -- and thus

provides a format for examining a wide-range of possible solution

sets based upon certain, measureable pre-requisites.

As will\be illustrated within this text, the ability to input
: measureable character1st1cs of not only the potential solutions,
but also the criterion 1nd1cators of the environment -- make the
MAM syséem one of the most powerful evaluation and decisioning
tools available td the educational leader today.

18
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CRITERION REFERENCING AND CONTROL

Decisions may be réther pragmatically viewed as the results

of systematic and reality-based evaluation processes. To attain
the desired 'idealogical' ends suggested by such goals as visi-
bility, responsibility and accountability, .the decision-maker
‘must rely heavily upon various indicators whjﬁh will attempt to
assess the situation which requires a decision be made, measure
the alternative methods and means with which to formulate a valid
decision to meet that swtuat1on, and evaluate the expected impact
upon that same situation of the remediation strategy selected.
Thus, some means for determining the needs and demands associated
with sbme problem, the comparative value and strength of various
alternatives solutions or .remediation strategies to address the
problem issue(s), and the simultaneous effects of the solution

to be executed -- must be defined.

Criteria as a Reference for Determining Value

A criterion is a standard or:.rule by which a potential
decision can be tested for its va]ue in addressing the proposed
issue; -and a rational Judgement regu]t A crwter1on may be as
objective or subjective as the evaluapor will allow; and either
quantitative or qualitative in terms of its 'visual' measure.
Since‘no‘decision.or jddgement is possible without some selected

~ determination of value based upon need, demand, appropriateness,
‘value, worth, expegtation, etc., it is ridiculous to assume, that
decisions can be made without reliance upon 'hard performance’
indicators of worth, nor that complex jssues can be addressed
without the conscious measure, valuation and determination of
strength, of the comp1ex'solutions which may be required.

.
I8
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\ The use of criteria for determining worthband strength is

not relegated solely to the area'of measuring, and thereby con-

( trolling, the content of indicators which will be used within a
necessary decisioning situation. Equally important moreover, is
the reliance upon varjous criterion measures for controlling the
process of the decisioning'procedure'itSelf. For example, the
evaluator may define several criterion indice of effectiveness
and efficiency in order to compare various alternative methods
for resolving the problem situation at hand; and subsequently : "

! measure these performance indicators in such a manner as to with-
out doubt produce valid measures via reliable technlques, The
process-control jssue manifests itse]f'in the situation whereupon
having measured each criterion across all alternative actions,
the problem becomes to determine which alternative(s) are most
Tikely to produte the desired impact. upon the system without in-
troducing additional 'new' problems to related-system components.
No single or multiple decision(s) will proVide total positive
beneflt to the system, wmthout likewise introducing some amount
of negative by-product, -- there is both good and bad in a]]

) ' decisions, and the extent of these factors must be observed and
controlled for in the decisioning situation.

—a

Criterja as a Reference for Controlling Evaluation

The issues involved in the control of evaluation procedUres

address_two specific areas: the control of positive and negative
r) influence expected via the adoption ef various a]ternative solu-
tion strategies; and the control necessary for determining the

necessary ‘amount' of solution required to effettive]y"solve the
problem being analyzed. '

The control of positive and negative impact to the system as’

a whole, based upon the positive and negative influences associated.

20 -
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with a particular solution (or- set of solutions), is directly re-
lated to the iq§a of preference and trade-off in decision-making.
We "prefer" to have our decision affect the system in specific
ways, and we !'prefer" to have the sobutfon exhibit certain other
qua]icies which may be d{rectly or indirectly related to the

problem being resolved. However -we are also realistic enough to

understand that.'some 'g1ve and take' $il1 be necessary for the.
final acceptance of a partlcular solution (or sat of solutions).
Such "trading-off" manifdsts itself in many ways, but is norma]]y
recognized in two particular instancee. In a differentiated
sense, the decision-making will define certain limits for each of
the criterion variables which will be utilized in determining the
value of a particular solution. Such individual limits will
normally be concerned with only expected negatave impact to the
system based upcn_that particular alternative solutions beTng
selected as the final decision. If such 1imits are placed upon
_pdsitive impact, they will always be;defined as 'lower bounds'

or 'basal minimums' which the particular alternative must surpass.

The second instance regardlng a “trade off"'manifestation{;
addresses the i ntegrate sense in contro]llng for simul S
positive and negatlve impact to the system, based upon. the final
solutions selected. For this requirement, collective rather than
individual impact to the system based upon the definedxcriterien
* indicators will be assigned limits.. Therefore, a final group
of decisions may be viewed as acceptable, based'upon not dn]y
their high positive impact to the system, but also their low
.negative effect. In fact, some solutions may be more acceptaB]e
based upon a low negative'impact and a mediumwpositive ef%ect,

- as ‘compared to a solution which projects high positive .benefit
while presenting some unacceptably medium negat%ve impact to the
same system, or one-of its 1nter-re]ated cemponent%.

.y
Y

"The necessity of some 1ntegrated form of evaluation control
is even more predom1nate in a situation, where multiple so]uc1ons
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will be requiréd to remediate the final prb lem. The fina] set
of,so]utioa§g(fina1 decision) selected will exhibited:an often
‘widely diverse range of positive and"gegative impact to the
“system. Differentially, . each final so]ution'wil] satisfy the
minimum poSitive réquirements and the maximum negative 1imits

set a prior by the evatuator. Integrally, the combined positive °
and negative effects associated with the full range of solutions

will in total be acceptéb]e to the decision-maker, and therefore’
to the system as a whole. '

v

Defining Multiple Criteria in the Generic Sense

B N . . 1 l
. v LY "
The necessity to define and measure various criterion-

" referenced indicators for controlling the evaluation and deti-
| sfohmaking framework(s) is witﬁout_question (?) one of-the most

rigorou§ and demanding of all evaluation skills. It has been
approached many ways by as many'peoble -- sometimes systematically -
and sometimes not --" but always with sBécific requirements in

. mind. It remains these 'pequirements' that hate bfté;\?esulted -

| in the misuse or abuse of the criterion-referenced process for -

decision-making; and presents the most‘formidable'obstacle for the
| acceptance of a criterion-referenced process in evaluation,

While few individuals would state, that criteria are not -
necessary for responsible, etc. éva]uation and subsequent
decision-making, many people will take the position, that cri-
terion determihation, definition and measurement are impossible

<4 tasks, fraught with the "uncontrollable déngers" of invalidity
and uhreiiability.' It has continued to be of curious (and some-
times humorous) interest to the adthor,vfhat the critics of

_ criterion-referenced decisioning denounce those components of

- evaluation and decision-making which the criterion-referenced
model seeks to control and validate. The real obstacle of

- : 22 . e
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| ‘ will demand much more than openess, in order to- ga1n the

course, lies in the trust which must exist between the
‘'evaluation mode]er' the 'decisioner‘,:and all those
'systemettes'’ impacted via the decxs1on(s). Basically, only high
visibility and accountab1]1ty will forge the trust needed for the

- final acceptance of the decisijons made. V1swb111ty will resu]t ,

necessar11y from keep1ng both associated and 1nterested parties
informed of the techniques, procedures and their outcomes. _
Accountab111ty can be much’ more précipitous matter however, and ‘

'necessary acceptance of the eva]uat1on process.

.

Accountability in this sense requires theveVa]uation and
resulting decisions to "take into account" all those;ingredients
which‘are'seen.to impact upon both the decisioning process, and -
upon the effect to the system associated with that decision.

,Evoluators have forever been confronted with the question (or
ploy): "But what if this criterion was taken into account ...

WOuld there be a.difference in the particular solution selected?".
Therefore, decjision-makers must be prepared to: first, incorporate
all criterion references which are expected to 1mpact upon - the

~so]ut1on to be eva]uated, and second, introduce further measures

on the request of other individuals, in order to examine whether -

any differential impact upon the'so]utio;§$) chosen results.

In order to begin the criterion definition or generation o
process, the‘evaluator must commence wiah a somewhat genera],idee
as to what references will be necessar/ to adequately -address the_
jssue of utilizing performance indicater to meésure the full set
of prospective or potentiaT a]ternati¢e remediation strategies.
These - ‘general references, or what can/be referred to as the
gener1 set of cr1ter1on references,,w111 prov1de a theoret1ca1
mer11ng base by which the eva]uatoz;w111 be able to: def1ne more
speciffc (i.e. species-related) criterion indicators for direct

measurement. For most purposes, this generic set will be comprised

)
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of two subsets: generics which model the system for which the
resulting decisions are necessary;'and generics which model the:
various alternative solutions which have been formulated to so]ve
,the problem(s) associated with that system.

Systém-generic criterion-references can be defined a§ those
méasurgs of need and demand. ‘That is, the need of the system for .
sbme form of.remediation based upon certain measures of criteria
which will demonstrate that neéed; and the demand of the system for
relief -- ‘their perception of what the system needs -- for direct
comparison to the (hopefully) more pbjective measures of need.

It should bé noted, that some evaluation situations will requmre
an addit onal and separate measure/of performance (i.e., current .
functionfing) in’order to directly understand,the relationship of
demand and need in the generic sense. Howeyevg most situations

will be able to construct' a measure oF\performance, simply by -
comparing the current demand- placed upon the system, and the

perception of need which exists from within-the organmzatxon or
system as a whole. ' o -

-
)

. Solution-generic criterion-references can be defined as thibse

'pérformance’ measures of effectiveness, efficiency, -expenditure,
-and satisfaction. Generally, the comparative analysis of

prospective decisional alternatives will rqquire measures of:.
(1) what the strategy or tactic will accomplish; (2) how the
alternative will resolve the dilemma; (3) how many resourc ces must
be committed to 1mp]ementat10n,-and (4) .how'satisfied we Will be
' wmth the process and the result. Man species-oriented criteria
may be required to address each of th se four solution-generic
"issues (as well as those for the two (or three) system-generics).
The true ut111ty of these genermc 1nd1cators Ties in providing a
theoretical model for generating the more specific criterion
measures which-will be input to the evaluation process.
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An Illustration of the Criterion-Reference Generation Process

-

In an earlier work (Wholeben, 1980a), a demonstration of the

[
process for generating necessary criterion forms for evaluating:
schools sites for closure, will serve to illustrate the issue of

defining criterion-references for‘decision—making. This particular
illustration goes one step beyond the discussion earlier in this ‘

sectibn,'jn that the criteria defined for school-site-closure
decisioﬁing represented a "cross-comparisbn"’between certain
references utilized in business and industry for site comparisons,
and their relative usefulness within the educational sector.

)

A total of 34 criterion-references were discerned from a review
of_tﬁe relevant business and industrial applications, and collapsed
into six collective categories a$ follows:

i1

T2

i31

4
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characteristics of the physicé] plant
(9 criteria); «

‘Tocation of the site

(4 criteria); e
‘iw:g

¢haracteristics of the surrounding neighborhood
(6 criteria);

employee (or faculty) information

(5 criteria);

customer (or student) information

(4 criteria); “and

production (or.curriculum) requirements
(6 criteria).
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Each of the subéets of criterion references were defined to matcb
the cross-comparatjve re]ationship between the business or industrial
section, and the educational domain.” The full set of criterion
'referentes has been reviewed beginning on the following page.

The reader will see many indicators of our previously defined generic
/Z - forms need, demand, performance, effectiveness, effwc.ency, expend1-
' ture and satisfaction -- within the references illustrated. What the
reader will not w1tness ‘however, is a d1rect1y discernible process
,for generating the. cr1terion forms. In other ‘words, no procedure will
. ' _ever replace the knowledge and experlence of the evaluator in gener-
' at1ng 1nd1cators for future measurement. A theoretical model based
upon generic standards will serve only to ggide thinking, and hope- -
~fully alert, the eva]uator to areas whicn will require 'representation t
within the eva]uat1on process. No computer program to date\haS“been
“written to generate cr1ter1a for future decisions based upon a few
entered keywords ... but we're work1ng on it.
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[| CRITERION CONSTRUCTS FOR TARGETING SCHOOL CLOSURES|{ . -  °
. [,
(Relating'Industrial and Educatignal Domains)
- CONSTRUCT #1: THE PHYSICAL PLANT L -
SR . :
[SIZE OF FIRM OR BRANCH]
. {Industry>,v size of”ff;m o?.brahch re]tivevto current
" ~ consumer demand o '
€Education> cépacity of.educational site and the
' current/potential enrollment trend(s) in
- d the attendance drea 4 '
- [TYPE OF CONSTRUCTION - _ e
" {Igdusyry>u" re]ationsh%p of physicaj construction td
e _ other ex{stingucriterion yariables ' L e

{Educatjon> character1st1cs of p]ant constructlon in

’ - re]atxon to rema1n1ng crlterlon est1mates ’

S [AGE/CONDITION OF SI,,T.E'] .
<Industry» re]at1on of p]ant age and current cond1twon L ;fo
: Wi, of fac1]1ty to other cr1terlon estlmates '

Cea Terand on-go1ng operat1ons 9

27

.




{Educationz '1mpact of schoo] condltlon and age upon
facility costs and academic requirements

[COST OF SITE AND PREMISES]

'?Industry> ;;property costs associated with purchasing
’ _ “and/or leasing current s1te/premlses, and j!*l' 1
o subsequent mawntenance of 51te for future

"pro/yctwon o '

- "h .§Educat¢oh>"current pr1nc1pa1 and interest costs
", associated wlth schoo] Rjant

{TAXES]

;f{Insttry> '1oss’to proflt margin due to exmstlng
G T "+ “regional taXJstructure

9.

M(Educa%ion) Jncrease to overa11:budgetary requmrements

reme ts ‘gﬁ_

”\due to tax requi

. i | y
~ {UTILITY RESOURCE REQUIREMENTS];'ﬁ

Ta. - S A S
LI D . "‘f !

vg(Industry>. rdemand upon natura] and converted resources
T for producthn ahd operatlon

L
" -~
f - el S~

el ;
© ", {Education> requirements of heatlng and 1lght1ng
AR utl]ItleS for fac111ty operatlon

A A




Ve
) .

~{Industrys - current f15cal expend1tures for resource g;.:v:"'/’

resource requwrements . .T
. <{Educationy currenf'fisca] expenditures: for utility . o
: " requirements | ;
\\\v- » ' ) ' '. ._ :.
~-.[ROOM FOR EXPANSION] e ; B s X
. "’ . . S ~:‘.‘_.(' ._.,ﬁ. . "_ SO v‘- '.," ‘G- o

\\\Sgndus;ry> feasibility of swte expans1on due to b ’

’ Lo+, increased product demand :

Gag FEN . xEducat10n>*”amount of non-fac111ty%iprounds avaw]ab]e
e 5 T . '
’ . : e ﬁor “construction additions without off—,-u

o

setbwng existing playground area(s)

[SECLRITY RISK3 ~ . i ]
o | S S
e YT {lgdustryy characterwstwcs of p]ant qﬂd surroundwng 4 S
B ' ' - area promoting secur1ty of - facw]wty o T

. w ! v /, e
i ' | {Educationy degree of school comp1ex securwty~fostered T ot
.. by physical constructqon and neighborhood . | (

R R o 10cat1on

. ﬂ
e e

.CONSTRUCT #2: THE LOCATION OF THE FACILETY
L ) '_“’- 4 | N o’
. [INDUSTRIAL CONCENTRATION]

e

{Industry)

vy




2 ' .7"{Education ? “
g RS _ .(schdols) to the 10ca112ed supp]y of '}
" - avax]ab]e school aged chleren 2 f

[TRANSPORTATION ngTANQEiﬁf,gjsns’ |

S%E ”: (Industry> "transportatwon dxstance of goods and
. - serv1ces between productxon site(s) and'

- o ' _ various supp]y and distrlbutmon centers
. |, | | } ‘ . .\ , l ) p
LEducation? transportatjon d*stance of students w1th1n

e ST assxgned attendance zone to respectwve
P . i school s1te ‘ ' SAT
’.'! Q ' ..:'..”
K\ . 'Iv,. '“_j.

..+ [LTRANSPORTATION COSTS] -

| A Y ;
. _ L €Indﬁstr ”;gncurred costs of transportwng goods from
e - ' ’“'productlon centers tb d1str1but1on out]ets
o : : ﬂEducaxon;

hai . N
5¢€fndﬁstry> effect of dependence upon requwred ut1]1ty
i o fac111t1es “not 1mmed1ate1y ava11abTe to a

S g remote product1on center




- A
:-’é;' , .'-. .. ) . 3 . " . 1 R . L
A o (Educat1on> effect of skewed student- reswdence
..... _ Sy
g e - ' (location) distributions upon’ centra11zed
Lo school site 1ocat1on within perimeter
T T attendance areas: PR
.-, *"r ... CONSTRUCT #3: THE NEIGHBORHOOD Lo
CE ) [RESIDENTIAL HOUSING AVAILABILITY]
N <Induétry> .- potential residential construction and
i ‘ effect upon consumer characteristics
L (.: A :€Edu¢ati0n> potent1a1 reSIdent1a1 construction and o
T ' ' -, impact upon future schoo] -aged ‘populatijons
ST [AREA INDUSTRIES] - s ’
- . . . . B e . K . ! "./‘r I:-\. -}
‘ {Industry) compatf 58 Tocal industries as pos1t1ve1y
W 1nf1uencvhg the growth (or stable marg1m) A
. - of consumer magnitude L
g _ (Edué@ti@ﬁa availability of local industries promot1ng e Db
B —_— -fam1]y residential magnitudes (e.g. fire:
g ‘ ' and police protection, grocer1es, churches)
~ . \ _ . ‘ '5“" : ’ _ ﬁﬁw
, Tk [RELATED EMPLOYMENT OPPORTUNITIES]
W c’ .“’ 4.7 8, ) - . :
L j“§Industry),,qavai]ability of neighboring industries
o c .. . . ] s ’ SR ) . .
I : » . (business, industry, schools) to provide 3
* o additional income possibilities for dual-
fjﬂ- 'Q;h employment families
> a, ' - N
":% " o R )
- ".:;-' ) I..“ - 9
._,.‘ . 4 ' ®
o 8 e
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: for related §pousé occupational intéfesﬁsf )
T . , L RITI

" T.' ~

{AUXILIARY FACILITIES)
oy : T {Ihhuétry§ avallabllmty of re]ated secondary 1nterests
g,; _ to consumer popu]ataon (e.g. deprlved area
! S regardlng new emp]oyment source)

{Educationy FExtent of school fac111ty utlllzat1on for
extra-educational affairs (e.qg. communlty

, meetings, recreation center) .z

[ENVIRONMENTAL IMPACT]

€Ihdustﬁ§>_ impact of plant site and producfion
: operatwons upon surrounding area (e g.

quallty air control, extent of vehlcular
traffic, property values, tax bases)
RRRALY

<Education» relation of neighborhood school to sur-

rounding res1dent1a1,area (e.g. property

values and tax base“

,_eswdentlal construc-

‘ - _ t1on, re]ocation of shpportlng 1ndustr1es)

o .“ - ; R \v-._"w -
#44 {INTER-INOUSTRIAL PLANNING INDICE]

E STt

| <Indd§try> extent: to which sukround?ﬁg non-competifive

‘industry planning foci match current
research and development data

.

“XEducation» avqi]ability>0? empToymeht’oppéfiﬁﬁgtiesj”;ia;m S



{

iEﬂucétion) ‘usé of Community and regiona1 (city,'county,
o + " state) planning data.to assist educational

Com

‘ \ .+t decisioning

{ 7 ... CONSTRUCT #4: THE FACULTY/EMPLOYEE POPULATION

xike

{ENTREPRENEURIAL AND EXECUTIVE PERSONAL PREFERENCE]

4 .
<Industry> management-based gbjectives in the design,
] X
Lo . production and supply of separately,
. manufactured goods

&

{Education? curricular and instructiona] demand of

y school administration related to
- professional biases
. 3 s L
*
V a

{MANAGEMENT AND TECHNICAL STAFF3

{Industry» availability of and present aVerage costs
for management .associated with- desired
pnoductiog Tevels _ oo
{Education> characteristics and salaries of school
administrators associated with
instructional foci and parental demands

-

[LABOR] | '
{Industry> ' availability and present average costs of
labor "associated with desired production

levels /
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{Education» characteristics and salaries of teacher
staffing and emphases associated with
instructional foci and parental demands

[PRODUCTION COST COMPETITION]

{Industry» relationship of resource requirments to
production output :

<{Education» allocation of budgetary requirements
~ related to class size, teacher.load, and
curricular attainment '

[EDUCATIONAL FACILITfES] |

} {Industry? availability of external training and in-
A ' service resources for 1mprov1ng productxon
. ) : and supply

{Education> availability of higher education facilities
' for improving staff knowledge and instruc-
tional techniques

CONSTRUCT #5: THE CONSUMER/STUDENT POPULATION

-[PROXIMITY OF RAW MATERIAL .SUPPLIES]
" o :

<Industry» accessxb111ty fo raw material and supp]wes
to manufacturing location

34
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'

{Educationy prox1m1ty of students w1th1n wa]klng
dmstance of school site
{BUSINESS GROWTH3 -

‘<Induétry> current bus1ness trends in consumer .
w0 population and related demand potent1a1

{Educationy proaected student enro]]emnt based upon
' " recent attendance trends’
[CONSUMER DEMOGRAPHIC CHARACTERISTICSY -

(Induétr&) consumer demograph1c character1st1cs for
future trend forecastwng

- {Educationy trends of fgmx]y size, etc.;. for predwctmng 'Y
future enroﬂment"pgtent] al ' ) @

[AFFIRMATIVE ACTIONG S
. | ' " {Industryy éurrent-(and proposed) level of federal
' guidelines' compliance : .
S o
(Education) current perspecti retating to desegration
. and minorities (including handicapped,

special education) committments
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* CONSTRUCT #6: THE PRODUCT MARKET (CURRICULUM & INSTRUCTION)

_—  [MARKET PULL AND MARKETING STRATEGIES3 .
{Industryy : thsumer'ﬂemand (market pull) and manufac-
. turer's planned focus of supply (marketing
strategy) ' '

{Education? »cé%Ficu1ar demand emphasés (baéics

L o o ';uFricu]a, individualized instruction,
spec{al education)pof parénts in attendance
area, and the current (and potential)
availability of such academic activities
‘within the school |

S . [LABOR STABILITY]
$.?*T o (Indusfry) turnover_histdry and/or pfojected avail-
- ‘ ability of technical staff in production
_ (1abor, etc.)

" {Educationy trend-characteristics of instruction staff-
" parallel to established instructional
objectives -

-

[FACILITY UTILIZATION]

{Industry> extent of current production utilization
. ~of existing plant resources

{Education? degree of academic and co-curricular
utilization of existing school facility.




resources'(e g. c]ass space specialized
1nstruct1ona1 areas) S

. {PRODUCTION INDEX3 .+
T RS 4
“{Industryy 'vcurrent rate of productjon output based
) o upon existing resources$: and/or facilities
{Educationy level of academic attainment based upon
’ ; C _ o L current currlcu]a and 1nstruct1ona1
_ strategies ) ;
. N '

[AUXILIARY USE OF FACILITIES]'

- R {Industry> amdﬁﬁtﬁdf’existing specialized plant
- - . equipment which is essential to the = - ' ”}/"/
missioni of production R ’

. . 5 v ) Jl"_‘(;‘ : ‘ °
- €Education> ex1stence of specwallzed faq3 1$ies 1ntegra1
‘ " to the academlc process (sglehée ]aboratory, o

swimming pool, bum]t-wn.A V. qig}pment) C

[ACCESSIBILITY OF

{Industry?

. .~ <{Education?




OPERATIONS RESEARCH AND THE EVALUATION.OF .
FEASIBLE ALTERNATIVES

* Chapter tho (fo]]owing) will devote much of its content to the
f% . expoSition of budgeting ahd funding as a structural .allocation~-
) oriented actwthy. A poswtwon will be taken wh1ch will specifi-
cally adhere .to the phw]osophy that fwsca] mode]1ng (i.e. the
s1mu1at10n of a fiscal decws}onwng system) must be criterion-"
“referenced to the actual (rea] k\fe) system; and that these crw-\ ‘
ter1a should be designed 1n such a way as to perform three vital
functwons ' '

(1) to. re]wab]y represent the true system bewng modéled
h(s1mu1ated)

= '_. | (2) to validly rephesent those factors (inputs, outputs,""
L processes) which are required (and desired) to provide .
the neceSsary information in order to make decisions);

(3) to totally represent the\1mpact to the system (as a
who]e) of the potent1a1 a]ternat1ve decwswons bewng
\evaluated '

heireader to view the fiscal crisis
- demand for fiscal roll-backs, as an

@ ves are’ def1ned as either all posswb]e
j;behd1ture) or s1gn1f1cant]y distinct paFts
;ghtwbe discontinued and therefore deallocated

programs.(sou
- of prograns“
from: the exis

-ndibUdget that* is, rolled-back in order to
ba]ance the~ budget. To evaluate these many alternative, poten-
tial sources of cutbacks, criteria are required which will not

38
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*(.Figure A, Representation of a Séquenc1al Criterion Referenced Model ﬁ
~ for Systematically Ueveloplng a Mult1plL A]ternatlves
dolut jon Set -
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'on1y describe the‘attributes ef each alternative in terms of, its
contr1but1ons to system function (or lack offsuth'conﬁribu?4ons),
~but will also demonstrate the costs (object‘categdry _ C .
'expend1tures) associated with each oflthe a]ternatives. The =
overall goal then is to select those a]ternat1ve programS~
(decws1ons) which may be feasibly and rat1ona11y rolled- back
w1thout prov1d1ng maJor detr]menf/to the system s required
funct10n1ng, while sat1sfy1ng the reduced budgetary 11m1ts e
imposed by the fiscal crisis. "' , ‘ g

P

. . S 1y
1 “ . . A
. .

Optimal Detisioning'Within a Constrained.Feasib]evSpace

| Any decws1on, viewed as the best poss1b1e a]ternat1ve course
of action to operationa+72e, must by def1n1t1on be optimal; that
is, all th1ngs cons1dered th1s action posits the best 1nterests
t'of the organwzat1ons or. system being mode]ed Simulation of
these “things" and “1nterestsﬂ results from the_use of criteria
to measure the value of each alternative and its ’muact upon the
/system as a whole -~ that-is, how the system'is constrained by
these. criterion measures across all alternatives. .Such measures .
-are referred to as criterion cbnstraints; Those alternatives ~
decisions (when evaluated) will d1sp1ay degree of .optimality
("best"aness) in addresswng the so]ut1on to the prob]em def1ned
but first, each part1cu1ar alternative must’ 1tse1f be a reaso-.
'nably potent1a1 solution to the problem; that is, exhibit the
guallty of feasibility. ‘ . -

-

» +

‘The context of decws1on1ng a]ternat1ves is thus a rather
intere ting flgw from a tradjtional: needs assessment (What is the
rea[,ﬁiobfem7 thet 1s, ‘not the system of the under1y1ng probl@m)

- to. the determination of a set of so]ut1ons to be. 1mp1emented v1a .
a cr1ter1on-referenced‘model of va]ue and worth,. versus 1mpact

(F1gure 1> schemat1ca]1y depwcts this T\gy)ously 1nterest1ng)_f10w.

-
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‘must consider and eva]uate (i.e. the set

va]ternatlves, and their measured impact upon the dec1slon1ng

se]ectwon of a]ternatxves)

' -Stahdards prov1de the necessary data to ass Ft constructxon of.

all poss1b1e alternatijve sources of actl

the dec1s1on-maker
ilrandom a]ternatlves) S .
Next, establihed prxorwties are . deffn>n‘and deve]oped 1ntoqa set -

of criteria which a]*ow further scrutlny of "the random '

system. Often times, an alternative may be "possible" but not N
"D]auswb]e" due to certain established priorities. A]ternatlves .{gi'-'”

“which survive this recent cr1terion focused‘eva]uat1on become

known as feas1b1e. F1na]1y, the more 1mportant (welghted) cr1-'
teria are drawn 1nto the eva]uat1on 1n order to focus the opt1m1—
zation standards for the dec1s1ons about to be made (that'1s,

RN AL

’ #
The potent1a1 ex1stence of an alternative mjx- set focuses

once again upon the idea of s1ngu1ar versus multiple”
b]ternatlve(s) frameworks. Recall that a s1ngu1ar framework
involves the choice of one and only’ one (or none, of course)

‘a]ternatlve course of action based upon the evaluative criter1a

used,_ A multiple a]ternatlves sett1ng permits the choice of a
group of several a]ternatwves that when implemented as a group

ﬂ; (not necessarlly simthaneous]y) produce the desired process and”

atta1n the requ1red result.

N

fFisca] Allocation as a Mu]tip]e A]ternatfyes Probﬁem

— . — -

. Fiscal: cr1ses prov1de the budget manager and program admi- -~
nistrator with a un1que exper1ence, "to accomplish more for .
less*®, Though tongue-1n che ,"the_unfortunate rea11ty of .
today!s_economy and our best program_prognoStications'for-the,' f

-
21
L%

N
5.1’7



O . o
j_future pownt to a steadily decreastng fund1ng base Decreased '
vigfundwng w111 not nowever be fo]]owed by the pub11c S reduced need
'ffor educatwonal serv1ces, ejther 1n guantwty or qua]wty ‘
' Organxzat1ona1 phwlosophwes goa]s and needs will stay re]at1ve1y
“ constant; yet with a new demand for pr1or1t12atwon and : ?'?f;
“'demonstrated accountabw]wty After 25 years of no- ho]ds barred ‘E?
. development and spendwng, can educatwon 'equa]]y meet the new v ‘";
demands for auster1ty and roll- backs, 1n ]1ght of dec11n1ng ‘ '
enro]1ments, school’ c]osures, a sagging natlgnaV economy and ‘the -

Q ever- 1ncreas1ng demand by teacher for h1gher sa]arwes7

Whether the prob]em be one of fwsca] a]1ocatlon or ,
'dea1locat1on, the fundwhg framework for program budget1ng is a f

- mu]twp]e a]tennat1ve mode]wnd prob]em Conswder the‘need to- 0",

: determwne ‘which programs are to be funded wrthwn estab]1shed.,ﬁ
budgetary ]wmxtatwons and therefore, wh1ch programs will not
Th1s is obvwous1y a decwswonwng situation, whereby the goal is to
fund as "many programs as - possible within the prescribed budget '
based upon: (1) each program s’ mer1ts, (2) ‘the. overa]] system s

gmeeds, and (3) the impact of the a]ternatwves - 1nd1v1dua]]y and-
-co]]ectwve]y -- upon system functwonxng as a whole. Each,a]tera.~
natxve s merits (type and extent) will be measdred via the
“various cr1ter1a whi have been a pr10r1 jdentified as
demonstratlve of thquystem S def1n1t1on‘of1 ‘merit' or '1mpact' ,

'/'Fwna]1y, the cost for every aspect of eacg ﬁrogram is computed . 5%
and entered as a measure of jmpact to the system's budget, 1n _
-dec1d1ng to implement the pgogram (expenditure) or not’ (savwngs;

) o . o

with an opportunities cost
4 1

Concwselyﬁwtated the flscal a]]ocat1on between multiple,

competing programs assumes the fo]]owwng d1rectwon

>~
1

5 To choose. (and therefore also fa11 to choose) some finite
number of ﬁ‘ograms from among’ the ava11ab1e a]ternatwves -

e 42
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each a]ternatwve assocwated thh measures of merit;- worth
impact and cost - such that

L8

'37J° '1.' tota] (co]]eotlve) posxtwve 1mphct to the 'system 1s

R aximized (meeting needs,. goals and mte*‘e\gts) s
IR ?. 130ta1 (co11ect1ve) negatxve 1mpact is. mwnwmwzed :

(not meeting needs ~£tc. ), and.. ,
”[ - 3. :total (summed- ] program budgetary demand ‘does not
exceed the amount of avax]ab]e monies. o

[
D E

iFigure Zjﬂorouides a simp]e'out]ine of tge aoove stated goa](sQ.

A',’ .

'of‘ 3

thde reSemb]xng the trad1t10na1 cost benefzt ana]ytwca] frar
mework dJSCUSSGd prevwously, <ngure 5% once agawn afflrms the i
demand for ‘an eva]uatwon too] wh}gh 1s*capab1e of ana1yzwng the.
ro1e(s) of mu}txple a]ternatzves across, mu]twp]e crwterxa, and
'Aa ' se]ectwng those a]ternatwves which best’ fxt the crxterwon- - f
:constra1ned system (decxsxonxng matr1x) Agaxn we are faced
- wwth the 1ssue of 1nteract1ve-effects mode]xng

o, . v
o - :

-aw'717*jﬂwf > "45”. . &
5 : . N L B P 5 . - . R . B o
R T e B E IR
Interactwve Effects Mode]wng B LR L R RS
”l‘; . 4 Ty s \‘ — ™ . . R < . L . n LI
R There estts an’ fundamenta] need fo;understand the 1nterac-

twve nature oﬁbselectwng from among mu1t1p1e a]ternatmves, that
15, the tota] combxned effect of one choxce based upon the" 3
varwous va]ues of each a]ternatdve<s cr1terxon measures, and the
e deswre to choose that set of a]ternatwves whxch-demonstrates a .
coT]ectwve composwte of acceptable crwterwon va]ues.ﬂ Thxs is
compllcated by ‘the fact that dwfferent combwnatxons of a]ter-
_ natxves are posslble »n formﬁng the f1na1 so]utmon set Slmply
”*{, ( ) stated such a decwswonmng requirement 15 a nightmare. . But
can a technwcal strategy be formu]ated to address equa]]y the ;‘u

2 <1ssues of techniqué aSwwe11 as the f1sca1 a]locatwoh~prob1em~
1tse1f? ~n:_ ;i(wxrfi3 - N L A | |
. T T * “ i ) ’
' ht o v E .
-3 ju .? ~ . D) 44 : I,‘
; x.. " * . 4 '
r, . t. B
e b ¢ s

~-



Welcome to the wowld ‘of .operations research!

P

‘o far

R ;" ‘- .". ./: L .. ‘ . : . .
R The*Operations Research (bR) Approach ‘ -" S

0perat1ons research as a sc1ent1f1c 1nvest1gatwon ard eva-
1uat1on too], views® the milieu of decis1on4ng as a criterion-
referenced choice between stated alternatives The term
operat1ons research" is 1tse1f a generic. 1abe1 for several
actua1 too]s, and states that i ‘decision s1tuatign can be modeTed
(swmulated) mathematwcal]y The multiple alf ernatives model _*
employs a part1cu1ar subset’Of the OR approach, called b1narz
integer p;ogramm1ng, wh1ch ut111zes systems -of s1mu1taneous f
linear 1nequa11tJes (rough]y equivalent. to ‘high schoo] inter-.
mediate algebra).

Via an a1gebra1c representation of the spec1f1c decws1on1ng
framework where each cr1ter1on is repmgsented as a' 11near ine- -
quallty (the 1ndependent variables as the programs and the
dependent var1ab1es as the total s;stem 1mpact), a va]ue of 'l'A
(1 e. to choose). or '0'-(1 e. to not choose) can be ass1gned to
each of the independent var1ab1es (a1ternat1ve programs) The
best mwx of 1's and Q's Cacross a11 mu]tip]e alternatwves) 1s the
most optimal solutdon set. Thus 1f Program 1 "1' Program 2

o ‘and Program 3 = '1" (of only three program a1ternat1ves) the
decision is to fund programs " and '3"'and ‘therefore not fund ,
program '2'. This is the“bas1s for the mu1t1p1e alternatxves '
mode11ng of a fiscal ro]] back s1tuat1on '

Teay
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' . SIMULATION MODELING. WETHIN A CRITERION-IMPACT DESIGN .
) “}_ ;}\ : . . N; - v '.‘,\ 2 . PP ’ W
< - : X v ) ] . . . . r‘.? " . ‘

' The thedhet1ca1 ma%hemat1c1aﬁ wou]d sgy shat’ im the situation
» of fisca]*ro]] backs and the use gf mu1t1p1e alternatives
mode]ﬁng 1n perform1ng such det1s1on1ng‘m- the need to determ1ne
*roil- backs is thB nscessary cond1t1ﬁh and the utility of the MAM
technique she sufficient conditimwﬁm #Br the existence of the
mdﬂt1p1e alternatifles mode]ing techpiqu . However,the total uti-
- 1ity of th1s mode]v@xtEnds beyond' the ]ityeto provide
» }dec1s1on makers with concrete degis1ons based@ugpn a cr1ter1on-

~ *

. impact, deswgn. T & .

»

® .

i ¢ o ’
| Cons1der the ab11fty (of the dec1s1on-maker) to test various
hypotheses as to how certagn groups of a]ternatives wou]d impact -
the system. Cons1der further the ab1]1ty to vary the system's
'. parameters (needs, goals, demands, etc.Y and observe the d1f-*. “
, ferences (if ‘any) of: programs se]ected for fund1ng, based upon “
the newly modified copstraints. Such ab111t1es suggest a sett1ng
" in which the deciSionfmaker ¢an accurately (va11d1y and re11ab1y)
‘model a system which may not yet exist. It is: the tripartite
Cability to reDresegg as system,»exger1ment w1th a]ternat1ves
(programs funded and/or ‘criteria ut1]1zed) and Eredict w1th some

certa1nty the resu]ts of alternatives act1ons. Thxs is opera-
"4, t1ona] mode]xng in the "crysta] ball" sett1ng, or s1mu]at1on.
The reader may. be muslng, “True, but o) much of the con-
N f1dence p]aced in the resu]ts of such a s1mu1at1ve ﬁ%ﬁe] Must
' 1tse1f be based .upon the assumpt1oﬁ that the- mode] 1ndeed
fmodels the actual operat1ona1 sett1ng, bothova]1d1y and
,I re]iab]y_ ObV1ous]x, 1nd1sputab]e. Yet, a]] of educat1ona1
-* research was at one tipe, (1f not st111),he1d,to be non- ut1l1zab1e_
due to the inabilify“tq contro]tall mitigating and'extenuating'f ‘
l: ~d’orces_which convo]uted curricular learning, management style and
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'zbudgeting constraints.

teacher attitude findings, ad nauseaum. Recalling that the
multiple alternatives mode11ng technlque (as in other smmu]atlve
frameworks) seeks only to assist..the. po]mcy analyst's

;vunderstand1ng of data,to be used in the actual decision-making

11ke it." 1In today s educationdl climate, where experlmegtat1on
with policy is often times both involved and hazardous to one's

(regard]ess of how) we feel cogfident in saying, "Trj it, you'll

professional health, the MAM framework can with obvious effort
and diligence uncover the projective relationships between _
program alternatives,’ cr1ter1on 1mpact to the system, and

ks

i

A}

a Monitoring System Impact of Selected.Alternatives

A final note must be made for fiscal medeling under

* implementation; that is, what to do when the choices have been

made, "and all decisions are 'go'. 'Borrowing' as we educational
systems' p]anners d)d from the e]ectron1c engineers during the
1ate 1960's, the 1ssue of system1c cypernet1cﬁsm once agafin beco-
mes useful. Cybernet1c qualities of any modeling stragegy simply

refers to a careful monitonization_of the real system under
imp]ementatioh,’as you pu%fyour~fisca1 roll-back decisions "into
'effect Now, and heretofore unforseen consequences, impact,
criterion- references and measurement techn1ques may be. ”
discovered, which can be integrated within the or1glna1 mode]%ng'
framework; that 1s, as a,new 11near constraint equation or

71nequa11ty

The utility of fine:tuning a,ﬁecisioning model for more
accurate future use is certainly moot. As in mu]t1var1ate
regression, the model ﬁeve]oper may have to try new criteria
constraints (yar1ab1gs) to assoc1ate their variance patterns with
the-decisionslmode1ed and the resu1t1ng impact(s) of the

decisions made. Lo T hs“
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CHAPTER 02

“ THE CONTEXTUAL STAGE
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[ Modeling Budgetary Roll-Backs for
' Multiple Alternatives Analysis ]
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INTRODUCTION TO MAA MODELING FOR BUDGETARY ROLL-BACKS

ThlS chapter exp]ores the philosophical ratlonale underlying
the mode] g of fiscal a]ternatlves in response “to budgetlng
cut- backs- and provides a foundat10n for viewing the program
funding/allocation decision as either an 'allocation' question ;
(i-.e. giving to) or a Wdeallocatiod question (1. e. taking away) ":f
To illustrate the rudxments of decision modeling, the basic 5
trends of the tradltlona] cost/benefit model are defined and
dxscussed especia]]y w1th regard to app]ywng multiple,’ competxng
criterion measures across multiple (potentma]) alternatives
solutions. The four maln criterion foci of effgptxveness,
efficiency, satlsfactxon and expenditures are dxscussed relative
‘to multiple decision: evaluation; and the ideas of pieference and
trade-off (compromlse) necessitated by the existence of mu]tlple
criteria in competition with one another are summarlzed
Finally, the application of operatlons research technxques as a
tool for evaluating potential alternatives is presented for the
- reader's understanding. ‘

- |

Chapter two prepares the reader for the technical discussion
(to follow in Chapter four) regardlng the actua] construction of
the'multiple alternatives model (MAM), through the deve]qpment of
a MAM-orientation in ‘a fiscal budgeting (allocation, etc.) ’
'situation. Thus tHiS'development is situation-specific (to,
fiscal management) and will hopefully facilitate the ~ . -
‘understanding of the MAM decisioning context. This parallel
theoretical-application discussion will hobefu]]y'a]]ow the more
discerning reader to view the wide-range of application(s)
available tosthe multiple a]ternatives'design,j-The reference
bibliography at the conclusion of this text will allow the
masochistica]]y-ihc]ined reader the ability to read more .in the
subject of fiscal budgeting and aécisiOn-framework for analyzing
allocation strategies. - ’ v
: ' 50
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'PHILOSOPHICAL FOUNDATION FOR FISCAL MODELING

g

_Fisca].mooeling refers- to the studying of an environment in
which some decisions are required concerning funding allocations
ahd expenditure control. Practitioners assume that allocation by
itself is an automatv! interval-control for expendxture.
Forgotten (or conscious]y misplaced) 1s the notion which goes'y
beyond the question of "how much spent totally", to the more
provocative and accountab]e 1nqu1ry,'"hbw much- spent, -how (in
which ways), and where, tota]]y".; The decxsions requxred in
1eu of other jai’

deserving) programs necessitates that the decxsfon faker

- order to fund certaxn programs 1h;

3(allocator) understands what monies w111 be~sgent where how and
why; and in addition the impact that such expend1ture w1lL" ?,
upon the total (e g. dxstrwct) program in philosophy as 'a: whole. L
To understand such impact (both va]xd]y and reliably) and to be o

able to make the decxswon(s) required, certain requlrements are
mandated. '

! L

% \
First, an obvious need exists to define, develop ‘and measure
- various crlterxon-varlables in order to be able to compare the
a]ternatlves, and measure the 1mpact of their funding versus K
"_non-fundwng to the system as a. whole. For example, women's ath-
letic programs in higher educatxon have been highly subsidized én
some ‘campuses by income from the men's collegiate-varsity sports
programs, and from other specially ear-marked funds out of the
general. studeht -programs administration bUdget " As budgetlng
cutbacks become a fiscal reality in hxgher education, and .
1ncreased costs aggravate the existence of less monwes,'the
women's sports phogrém becomes a likely candidate for 'cutback’
or complete defunding (cut-off). A sample of the imbéﬁt-criteria
reqoired by this decisioning situation might be noted as: &

' 51



(1)

(3)

:'pos1t1ve as wel] as negat1ve ﬁnpact
(itself) a goa] of the mode] buT]der-'
kind(s)

resu]ts.

measures(s) of total savings, dellneatedzxntd sijb=,

"\1!-
il

expenditure (object codes), so that the wo“fpfoft
'savings' (or 'expenditure'}\area is knoﬁn;

measure(s) of total impact to the preva1
losophy of equal opportunlty, equity aod
action; and- :

» ‘\'.‘:.
.

ti utllee toe best ' B

and. most type( ) of ermterla 1h grder’ 't Val date mode]

el gy 1

(e g.

program
the co-curr1cu1ar portxon of a studen

Fundlng cutbacks*re]ate both to the specific TOrm'of program'
student actlvntles, glfted educat n jtr ‘
to the more generl def1n1t1on 1n wh'ch the co]]ect1on of all
programs becomes the program of ;) '
district program) In max1m121ng ‘the
| ev11'

sportaﬁlon) and]‘

fgher ‘order: ( .g. ithe smne,;y

pod"-.an, manlmlzlng_the o
't towhich level of '

the decasxon-maker must‘be_aT
is belng referenced Obvwously a’c terlon re]ated to

ctivit es ‘program, o



"to maximize the quantity and extent of each student's
v participation within co-curricular activities,"”

may have.greater weight to the SBG/ASB advisor than to.the prin-
cipal who needs a higher funding level for a 'back-to-basics'
remedial curriculum,

At either level, the focus is identical:

‘

"to max{mize program goa]s_wfthin budgetary Timitations",

whxle m1h1m1zxng the 1mpact of any, budgetary cutback decisions to
the system as a whole., Fiscal mode]wng thus takes on the
appearance of a system of comprom1se -- that which is posswb]e
versus. that which is desired, By Juxtapos1t1on1ng maximal bene- o
fit against m1n1ma1 harm, each f1sca] alternat3Ve s_Pwexght" and

A

o "importance" become read11yﬁapparent, and avaxlab."
paratlve eva]uatzon. e

Partial Defunding v;}Selective Deallocation

" Parallel to the dxscusswon on ma§1mlzlng program goa]s
(deswred outcomes) w1th1n establxshed budgetary 11m1tatlons 1s

" the ‘economic notwon of a 'break even point'.” Often times, the
‘:educat1ona1 decwswon .maker announces -a cut-back dec1s1on on a:
tpercent (or percentage) decrease in allocations. The program
a1rs are advzsed to "do their best with ]ess%, of ten w1thout
1ectwons upon whether the resu]twng 1imits placed upon program
,]S can be rea]wstwcally achieved. At some point (the

break -even point') reduced expendwture (reduced fundxng) results
n: program performance occur1ng beTow acceptable program ‘goals;

}thus opens a forum for dxscontlnuwng that program' s operatwon

53
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' maneuver than ‘the partial defund1ng approach ~and can best b“,

icomb1nat1ons andkpermutat1ons of the programs be1ng compared

'vlﬁmade 1n every fundwng cyc]e of every district.

2

~which would then result in the savings of the total potential

expenditure. The decision-maker"must take into account, however,

';the potential of negative outcome to the system; and thereby eon-
“'éider an increase of funding to that particular program, w1th
comnensurate decrease to another program( ).

~

s T

PL- A oy
P aet
¥a e

C]ear]y, this dec1s1on process ‘is complex. Not only must all

(multiple alternat1ves) be analyzed, but* the system jmpact of Y
each combinatorial permutate: must also be assessed across all
cr1ter1a. (Sounds fr1ghten1ng, does it not?) This line of
thought is.further aggravated by the aforementioned not1on of,
"mu1t1p1e funding 1evels" per program. Yet as hopeless]y r1d1c‘
Tous as it may appear, the dec1s1on must bg made -<: and 1s belng

Two avenues of approach to the allocat1on dec1s1on_maylbe
ade._ First, reduced funding . allocation is perm1ssab1e“ f. and

W

i;_ only if “the resu1t1hg reduced al]ocat1on does not "s1gn1f1cant1y"
7 (or magn1tud1na1]y) 1ower both- spec1f1c and gener1c program

goals, below some;agreed-upon acceptable level. That’ js, wh””'”
fund a program that cannot fu1f111 1ts program goa]s'at a ‘re
expend1ture 1eve1? The second‘approach however. is a more d1re t

described .as select1ve deaTlocab1on.

Consider the various multiple alternatiVes'aSnspeciFic'

“programs whose collective outcomes form the district's generic

program or1entat1on. Further, cons1der that some of the programs

are mode]ed at "full fund1ng"; some at a "m1n1ma11y-acceptab1e

1eve1", and others at some d1screte point in between.- The dec1-‘
szon now becomes to fund (allocate) at full or acceptab]e'leve1s
or not at a]] This focus upon select1ve deallocation is of the
utmost 1mportance, in order to provide a contro] for regu]atorv
accountab1]1ty to the dec1swon1ng framework.
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~ Funding Allocation v.'Regulatory Accountabi]fty

w

The v1rtue, "better 'to give than to receive" cannot be
. app11ed to fiscal allocation cutbacks dur1ng budgetlng crises.
As was said in the preceding sub- top1c, some’d1st1ngu1shab1e
" po1nt must be def1ned beyond which a cut- back dec1s1on automati-
___)/ ca]]y becomes a dea]]ocate ("cut- back") dec1s1on. Such decision- .
mak1ng must come from the generic- program adm1n1strator~ the |
“specific-program cha1r is not 11ke1y to. vo]untar1]y offer such
suggest1ons But since it is true, that it is eas1er to g1ve
' than ‘to account for", the nece551ty for some form of regu]atory
accountab1]1ty is obv1ous T

The maJor concern Jn th1s«regard 15 of a vo]at11e,3p ticai
nature. The dec1sxon-maker must’ take 1n1t1at1ve in determ1n1ng
the level of acceptab]e\fund1ng, and moreover operat1ona11ze the

"stance that at some "def1ned" po1nt “the: program w1]] be dea]]o-_*'
“cated 1nstead of part1a11y defunded It qs the op1n1on of the
authors that: a]] f1sca1 roll- back dec1s1ons be made under a ,
d1screte dea]]ocat1on ph1losophy, rather than a prog;gssly‘ par-
t1a1 defundlng scheme. Such a structured d1sc1p1ined approach -

. more ‘than offset by the ‘enhanced accountab111ty to the mode]ed

f1sca] system. : R , . - s

Full Systems' Orientation. To Input '

A model: of a f1sca1 system, ass1st1ng the dec1s1on-mak1ng
framework for se]ect1ng programs to be funded or: defunded ’
(ro]]ed back) is.only as re]1ab1e as 1ts ab111ty to s1mu1atedthat
system Rem1n1scent of the, days of systems p]ann1ng, organiza-
tlonal deve]opment and part1c1pat1ve management, a fiscal
system's model must o] accurate]y simulate the original
env1ronment t ; i

énce (criterion-related) to the real =




t

system is also influential to the fiscal madel (i.e. validly
mode]ed) Furthermore, output from the systems mode] due td
mod1f1catwon of those cr1ter10n-var1ab]es exp]awnwng
(constra1n1ng) the swmu]ated framework, must also reflect the
changes expected to the real system (i.e. reliably. deeTed)
Such a one-to-one correspondence between reality“and swmu]ated
mode] requires a fu]] systems' or1entatlon to 1nput S /(“ e

Input to any model s1mu]at10n refers genera]]y to the effect
1mposed upon the mode] by* theucrwterwon-varwab]es used to
exemp]wfy the rea] system such cr1ter10n-referenced measures are‘
known as constra1nts.u The ut111ty of fu]] systems' constramnts '
1n accurate]y and conswstent]y mode]wng rea]mty is w1tnessed 3N
three areas. erst ‘the rea] system is contro]]ed by the\ ma1n -

- rand 1nteract1ve effects of input from 1nnumerab]e sources, both
1nterna] ‘and"external to the System In the mu]tmp]e a]ter-a ’
natives context, such sources are mode1ed v1a fhe use of mu]twp]ev

.o
s

~competing. cr1ter1a. A]though certain sources may ‘be more

e

:;;///1nf1uent1a] (i. e. wewghted) than others, neverthe]ess no swng]e
. inpdt'(effect) exists in 1so]at10n from the co-re]ated effects

(inputs) from other sources. . e

1

{

- Secondly, the source of mu]tip]efcriteriaimay itself come
from multiple sources throughout'the system. For example, in .
dec1d1ng upon a certain curr1cu]ar program for 1mp]ementatwon a
reasonable crwterwon measure wou]d_be the extent of pencemved
effectiveness in'instituting the'designed ]earning change. \Such
ﬁgrcewved change however might be d1fferent for each 1nd1v1dua]
subgroup teachers, admwnwstrators, students and parents. f
Although a measure: of ']earnwng affectwveness' is de51reab]e, _h
o necessary a]so will.be the mode]1ng of a decws1on1ng process
where each of four sources are modeled 1ndependent]y (though o
s1mu]taneous1y) If the mode] were to use only a single

constra1nt to input’ a composwte measure of effectwveness, the

- T 56‘ ’
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oragina1‘var1ance between the f1ve groups wou]d be 1ost and the
‘system 1naq£&rately mode] the env1ronmen§»surround1ng the o
ngIswon. \.‘F?ff- h. e = L

F1na$"z afull system s or1entat1on to 1nput must be modeled
- 50 as toﬁ§11ow .an, ab111ty to compare 1nputed crwter;on measures

& (constralnts) across ‘the: a1ternat1ve programs. Only. then can an
e adequate "consensus" mode] be deve]oped to portray these system
- sources of impact. "~ - . o - .
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PROGRAM BUDGETING FOR' AN ALLOCATION/DEALLOCATION L
' FISCAL STRATEGY Cou ok

toan

The reader w111 recal] that a dec1swon for a]]ocat1on orzy
dea]]ocatxon of fund1 g requ1res a, d1screte budget1ng-1eve1 L
framework By d1screte, we mean that 1f a particu]ar program can
sat1sfactor1ly accomp11sh an acceptab1e number of 1ts goa]s with

‘ } reduced fund1ng, the spec1f1c 1eve1 of-reduced fund1ng must- be

o 1dent1r1ed and def1ned for that program ».In th1s way, .a mu1t1p1e
a1ternat1ves dec1s1on1ng mode] for eva]uat1ng programs for: fxsca1
ro]1 back can a]so assess a ]1m1ted number of discrete 1evels of'
fundxng for any part1cu1ar program._Therefore, yrogram 'A'*at s

fu]] fundwng exh1b1ts varwous measures of perfonmance on such

pertinent” cr1ter1a.a feffect1Veness and eff1c1ency, as weJ] as

°expend1ture 1eve]. V;f 1t 1s ascertalned that a certa1n part of A _)

, - could’ be om1tted from program 1mp1ementat10n w1thout s1gn1fi- '
cant]y compr0m1s1ng A s, worth then 1t is reasonab]e to eva]uate
'AX' a]ong W1th A as two ent1re1y separate feas1b1e a]ternat1ves‘
That is, 'AX"w111 a]so exh1b1t 1ts own measures of effectiveness o
and eff1c1ency, w1th a reduced cr1ter1on measure for requ1red '

expend1ture 1eve1
2 .

A note”of caution‘and'c1arffication”is'necessary'here.f'The'”"'

] authors, accept1ng ‘the dwscrete 1eve1 of fund1ng 1n mode11ng
fund1ng d1fferences,_thereby e;ect the c]ose]y re]ated 1dea of
part1a1 fund1ng via percent reduct1on It is 1mposswb1e to ‘7-
ascertain the effect upon a. program of an 1ntended 12 percent cut;aﬁb
in alloéation, unless the do]]ars assoc1ated with the 12 percent '~$§
are 1dent1t1ed spec1f1ca11y w1th1n the: progrmn The act of o
"d1vot1ng-up" (sic). the reduct1on across all shares equa]]y 1s
both'unreasonab1e'and,.rratxona] (but we choose not to overstate

“our case). e ) ‘

)
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Bu11d1ng'the Fisca] Program System o . .5? CoonE e :',
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The decxs1on1ng framework surround1ng fund1ng 1evels andr ‘
‘ revenue allécation has often tradxtxona]]y been‘fe]ated to the
’1» concept of system-bux]dxng. Under th1s paradlgm,'no programs o
_;ex1st a prxorx,‘and therefore all potentxa] programs compete ;i -
.- (though unequa]]y) for somedprorat1on of. the total, avax]ab]e
: -budget Educat1ow became very enamoured with this concept of .
?t;budgetlng, referred to as zéro- base budgetlng, and many un1ts . w'afi
used the- concept dur1ng the ear]y 1970 s.;u."; o f
“The DhTIosoph1ca] e]egance of a zero -base mode] is e e
K J'lnterestwng 1f not 1ntox1cat1ng requxrxng each program to rev1--a
.i sit its 'roots' and thus 'stan& the“cha}]enge from%other com- ‘:¢
‘;Apetitwve _programs as they supportcthe1r c1a1m§ gor‘even l- ) 9°;1;
- 1ncreas1ng levels of proaected expend1ture, “Others’ be]leve tha@ -
,‘-).the e]egance of the mode] ends thh the statement of its. _
ph1losophy -:' - .;,-'fA L Cone o

entl

Se]ectxng programs for Fuhdxng that 1s,_system bux]dxng) can L
a]so be v1ewed as an. assessment procedure for® eva1uat1ng certaln' -
| a]ternatlve programs to be added to anualready on- go1ng system,
T“Iand thereby prov1de some degree of enhancement to the system s
'3”m1551on.,\Under fundlng crises. however,. the quest1on is.
h”(norma11y)? what do we cut7,_not what do we. add? For th1s ig

;reason, the mode]1ng d? a flsca] ro]] back dec1swon mak1ng prq-

?cess can easw]y assume the operatxona] characterxstxcs of . the ;

~ zero- base fnaﬁeworku'that is, baseq,upon a certa1n réduced expen-"a
'fdlture budget, what'

..{ .

a

educed number of programs will cont1nue to . R
“be fUndedﬁlythe ba]ance of - the current]y operafwng progrmnsn N
-ﬁﬂ,‘:(nonﬁse}qg& e): to then.be dwscontxnded ‘ B
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Revising the £iscal Program System °
' : L o ' o 2
An alternativé to the philosophy of building anew the system

1 ¥ .

in order to.indirectly determ¥ne cutbacks, is the. idea of:
2 . . . C ;;; ' I ]

_given the current ‘system of operating programs and, their

, _ impact/effect upon the system as}% whole, what programsﬁ
can be 1rect1x seTected for roll-back- based upon thelr
" modeled performance crlterla? @ v

1

Through the phf]osophica] stance of revision,tthe overall objec-
tive becomes to choose programs For;deallocation while minimizing
a decreased satisfaction of requ?re&/desired system goals, . etc.“
In the case of fiscal roll- backs,?a revision approach is the prr;?L
ferred procedure, though in 2 modlfxed sense, _ _
\ : w
Since many educational systems are-so 1arge as to have
hundreds of model re]ated programs, it would be very time-
consuming to requwre the modeling of entire systems. An a1ter-
native is to mode] on]y those alternatives (programs potentlally
“available for cut- back); and to choose from this 1ist of .~
'feasiple’ expendable programs for ssolving the fiscal roll-back
‘issue. . ' 3}
" ' ) .
From a modeling protoco] the role o% constraints in guiding
‘the fiscal roll-back ‘decision may be seen as: 'minimizing the
loss of the contribution to tota] systems effectiveness and

«
' efficiency; while concurrently ax1m121ng the expenditure dif-
ferent1a1 which is destined for roll-back. R ¢ .
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Benef1ts of Itemized Budgetxhq and De11neated Programm1ng
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As dLS ussed earlier, the ﬁse of de11neated Qﬁpgrammxng in
the form 6§§mu1t1p1e,program Gersybns %W‘th different. prOJect1ons
of discret# levels of fund1ng,f2an bgpvery beneficial in &ode11ng
fiscal systems for roll-backs. It was: agéo stated‘thatvknow1edge

‘of the level of required fumding (as a. compos%ge measure) was not
'as useful as a d1fferent1atlon of the requ1reﬁsa11ocation 1nto
‘spec1f1c de11neated obJect areas~of expendft&re‘ i

. . w
v . p" f- . = ° L]

B The typ1ca1 educatlona] budget 1s grouped 1nto a ser1es of

vexpend1ture areas (called obJectgé whwch perta1n to such foc1 as

salaries,. benef1ts, supp]ies and materia1s, equipment and capwta] ¥

~outlay. In a ro]T back ¢ dec1s1on,‘1t is reasonable that the

¥
decision-maker may’ desire %o qpnstraxn some area (obJect) of

funding greafer than another. For examp]e, the reduction 1n the

- amount of a floated bongd 1Ssue .may require éﬁt backs, such that

the cap1ta1 expend1ture obJect1 must be more qgverely v
constra1apd than other areas df obJect expend1tureo Obvwgﬁsly,
the adm1n1strator cannot a]]ow programs_to be 1mp1emented if a.
cdpwta] oi§1ay is mandatory, to the succe§§ of these‘grograms,
with no capital mogges avaw]ab]e. o @ 11‘“\ . e ’
) {("’ , ] L‘Q: : Y .
. o

Often times the decys1on maker may gnsh to ;egre&%te those
programs wh1ch exceed the 'average expendrture fuvel! from thed«
remaining programs for more deta11ed scrutfny. Such ﬁy'eva-.« f'ﬁ

Tuation could ea511y be a useFu] strategy 1mmed§ate1y preceding a

full fiscal study of. the current operatlng systemkﬁ fgna]]y, the
impact upon the system of’ proposed roll- backs determ1néa§by a

multiple alternatives modeling techanue;‘tan on]y be vjewed via,
the individual expend1ture categor1es 1ﬁ and only 1f the 1nd1v1- b

dual categories were originally mode]ed j" ' e

- a
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TestingA;or Strenqths ﬁEaknesses and ‘Responsiveness to Stated

Needs

. 5 .
L G * .
. . ~

e

Prior to our emlnent discussion of the cost/benefit modeling
framework as a hlstor1ca1 forerunner to the more powerful opera-
tions research technxque we call the mu]tlple alternatijves mode],

it is advisable that the ratlonale under1y1ng outr preceding com-
_ments be rejterated. = ‘ o

"’\ . ..
Fiscal fundinglcrisesgrequire (norma]]y) some degree of

expenditure'cut'baék 1t .has been the theme of thlS paper that

3such decisions should be program-who]1st1ch]1y or1ented as com-

pared to leveling.a certain, "equitable" percentage 'share .across .
all programs. In other words, it may be more rat1ona1 to discon-

',tlnue an ent1re spec1f1c program, as compared to under fundlng
‘several of the generic program's specific entrles. To opera- °

tionalize this philosophy, all programs are viewed asdmultiplea

“alternatives to a fiscal roll-back decision; and measured cri-

terija are used (as'contraints) to evaluate all potentia¥ com-

‘binations .and permutations of these a]ternatwves to determine”

. how many programs myst be ‘cut; ‘and which ones. Discraté levels
¥

of fundlng iR order to determlne various de]lneated programming.

a]ternatlves has been dlscussed as a recommended. procedure.
. o Y .

, The ratmona]e i thé preced1ng sectlons has been presented in
order to introduce a partlcu]ar phllosophy, and that ph1losophy

- reflects. the necess1tyqdf testﬁng for the comparable strengths

and weaknesses between and'among program deallocation _
alternatives; and to specxflcally determ1ne (understand) each
program s (or group ‘of programs) respons1veness to expressed «
needs’ of; the problem origifally 1ntended for remediation. In
short to know what a program is dging and how, and to be able to
st'ate why that partﬂcular program (se1ected via eva]uatlon
mode11ng) was 'ro]ﬂed back' Such are the 1ngred1ents of a

Hata- based, accountable dec1s1pn .
4'-‘ . 62
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model's inability o adequately control for 1nteract1ve effects- oot
- between (and among) criteria for any partiohlar a]ternathefbetng,j Q{

“,
ARY

TRADITIONAL MODELING VIA COST ANALYTICAL DESIGN
k C v

The p]ethora of cost analytical frameworks has focused mainly
upon four spec1f1c eva]uat]ve or mode]lng designs: cost-benefit,
cost-effectiveness, cost-utility and (though hardly an analytical
framework, per se) cost-feasibility analyses. Some of these
mode}sesupport the use «@f muitip]e criteria related to a single
focus, wh11e other models prefer a 51n901ar cr1teri formed via.
the conpos1te of multiple foci; but all models agree upon at
least one postulate:

The analysis (and subsequent sé]ection) of an alternative e
course of action from among multiple alternatives; subject to
the evaluation of each of the alternatives across multiple
(or»singular) criteria, which are purported to measure the

@ alternative's impact upon the system (of decisioning) being %'

 modeled;

and.such that:

(1) positive effects to the system are:maximized;
(2) negative effects (as by-products) are minimized; and
(3) neutral effects (as desireable) are maintained at the
= ‘central tendencyvof measured impact.
To accomp11sh this end-resu]t cost- ana1y51s modeling has deve- 4
loped into a science of graphic displays,- measurement schemes,

"~ and statlst1ca1 over]ays. To date, however the serious shQ5tQ'

coming®of many of the cost-analytical designs. has been the ¥ ;3

evaluated; and an inherent unreliability to systemically éva]uate-ﬁ'§§-

63 ' “ o
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’ Figure 3 Standard Decision Matrix for Criterion-Referenced
' , Analysis of Multiple Alternatives.
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'a;multiple a]ternatives sb]ution (where the se]ectwon of”’ more

than one a]ternatwve -is necessary to adequate]y satﬁsfy the jiffﬂ;

required demandspfneeds of, the system. be1ng mode]ed) Before ”ﬂf,'%gh
solving this d1ff1cu1t problem of mu1t1p1e so]ut1ons aéross '5,‘i .

| multiple criteria, the reader must first grasp the more trad1-.;\guf:

tional aspects of cost- -analysis deswgﬁ and mpde11ng L

-Application of a Decisioning Matrix . :31;=;¢”.5335f['Q;f°;:

The choice of a solution from among mu]twple a1ternat1ves, o
via the evaluation of. each alternative across mu1t1p1e cr1ter1a,_.ff
is easily viewed in a decisjoning matrix format <F1gure 37 ‘_.‘
With each column representlng the values of stated crﬁter1a for a
part1cu1ar alternative, a m X n matrix is formed; cons1st1ng of
m-criteria (measures) across each of n-a]ternat1ves-(def1ned) _
- And as a 5x8 matrix yields (5)(8)=40 cells, so does am% n 7=};”3H'
matrix yield {(m )(h)=mn measures for eva]uat1on It remalns these :jif
mn measures which will then be ut1112ed by the dec1s1on makér to.
judge which alternative action(s) 1s.(are) the 'best"so]utwbﬂ(s
to the.problem being modeled.' :_,ﬁ o ~,.1- .~;7»*”~ o ¥

s 3
. » . : .
A ! 'r i

The dec1s1on1ng matr1x provwdes a useful fomnulatwon for the
eventual modeling of | the f1sca1 roll- back c0ntext Defﬁn1ng each
of the vatwous a]ternat1ves ('J, i=1, .. ,8) d1sp1ayed 1n F1gufe B
1 as potential programs to be ﬁb]]ed-back in- a dealTocatxon ‘ ;
',dec151on, the- ob3ect1ve ‘becomes: “to. se]ect that partwcu]&r‘ ff .

'alternatlve (Aj) which ‘best exemplifwes the stateh" . f
used to make the deallofation dec1swon, and-wh1ch §ubsﬁquent1y‘ .
-_ba]ances the budgez In rea%ggg of cburse the eXper1enced praci e
t1t1oner rea11zes that more. éﬁaﬁ a s1ng}e‘a1ternat1ve pro ramvmay ; |

‘.requwre roll- back if: the crtterxoﬁ objecthes ‘td'be- gt
the purposes of 1nstruct1on%§ﬁ€ rﬂ]ust#ﬁ%ﬂon ogg e

howeVer, only a s1ng1e a1ternat1ve context,w11 ?e 1)1ustr '%g:: 3

TFor.

P



The mu1t1p1e-a1ternat1ves context w111 be dwscussed 1n a 1ater 3
sectwon.. (Your patience’ will be rewarded ) s :

~ T

FOF each a1ternat1ve AJ, then, there ex1sts a serles (column) -
| of cr1ter10n measures, .J (j;:, .,,,5), reflect3ng the . o
: “nature(s)“‘of the a]ternatwve as measured by each of the L
_ 1 crwterwa.; In*the se]ectwon of -a single a1ternat1ve, the
prob]em 1nvo1ve'ﬁcompar1ng,the valid a; i measures -ina re11ab1e ]
fas 1on,fsuch that the “character" of -each of the part1cu1ar . :
’ und d; and thus a reasonab]e,hf

Caes 1%L e

‘4\. '--u*\ o ._‘,

ohr:prwmary requwswtes.j',

. . B o ' 9 . .'-.. ..
OmEarfsog (eva1Wat10n) of'mu1t1p1e r1ter1awfor~ o
a ' “équxres a szng]e composwte vaﬂue

%
!1%5‘

- that,is,
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(3) The eva]uatlon of the 1mpact upon the system from the
crlterla be1ng used, requ1res a method for ana1y21ng the / g
criterion: impact across all alternatives (as we]l as the/
value of each a]ternatlve across all cr1ter1a) and -
flnally, , ;" h

i"- : o ; _ ‘ '_;5

(4) “ The realistic mode]xng of a decISIonlng context

’ requ1res the ability to "welgh“ the various cr1ter1a
. being utlllzed, and thereby vary the re]atlve 1mportance
of the criterion effect upon ‘the dec1$lon(s) being made -

qf4(a]ternat1ve ch01ces) o

Cay

* The Composite Variab]e Ranking (CVR) mode] has been des19ned
to speclflcally address - these four requ1rements._ After the ini-
tial measurement of the cr1terlon var}ab]es has been accompllshed
v(e g. cost of programs parts. in 'do]]ars ;- space requirements in
‘square feet' or- "number of,- rooms'; personne] in tota1"FTEs'
etc.), the normallzed T-scores of the relative raw measures are
" computed for each cr1terlon varwable (across the range of
'megsured a]ternatlves)ﬂw That 1s, !

Y

x . .
I ' (1 i) , '_
13’ J lﬁap,n,f*___:_____ Tij’ j= 1"f"n

for each-crlterlon 1'1,.;.,m Th1s converSIon rep]aces all raw
measures (square feet do]]ars, etc ) w1th 1ts assoc1ated dlStrl- L
'butlonal T-norma] T-norma]s by deflnltlon have a mean of 50.0
and a standard dev1atxon of 10 0. " Thus, a fac111ty—space measure
of 2560 square feet for pro ram a]ternatlve C has a T-measure of
50.0 if 2560 square feet is also the- dmstrlbutlonal mean across
all programs for space requlrements. ‘Likewise, ‘a personne]
requlrement of 12 teacher a1des’has the T-value of 50 0 1f 12

' (TAs) IS the dlstrlbutlonal mean across alT programs.a. o

;-

6'7‘

e



_ Thevcomposite:Variabﬁe‘ranking procedure sunmates each
.icoTumh'S’row entries (that is, adds the criterion'T-meaSUres for
each alternatwve);”producing a single composfte neasure per each'
a]ternat1ve being evaluated. These T=normal sums can then be ~
ranked such that‘the1r ord1na];yfcomparat1ve jmportance to the
- decision oe recognized. . ;l“ ; - o
Likewise, the rows; scan be summed (i.e., adding across each. row's
co]umn entr1es) to Understand the relative impact of each crwterxon'
across al]zalternatnves within the system.- F1na]]y,,standard ,
’weighting“practfces can be appiied to the criterion T-normals dfterf
| norma]1zat1on, of course) before the summatwon of the co]umn vector‘
entries.’ ‘ ;
The CVR mode]fhg technique. 1s an excellent field~ tested and
;ivalwdated techn1que for perform1ng most dec1s1on analyses
“1nvo]v1ng dec1son.matr1xes,' Moreover the CVR approach is we]]-
~defined and easily constrocted for a fiscal program a]ternat1ve s.
setting The- techanue is not without its 1nherent 1nadequac1es,
“however, center1ng most]y around*mts predom1nant re11ance upon .

both a’ s1ngu1ar a]ternat1ve context and ma1n-effects mode]whg

- )
. . ) "'*:,m\ A
‘.Main Effects Modé]ing “ o ‘ | |
s - L .

L)

In an ear11er sect1on of th1s report the 1ssue of mu1t1p1e
a]ternat1ves mode11ng (MAM) was discussed 1n the context of a-

solut1on requxr»ng not JUSt one a]ternat1ve, but rather a finite u;‘f
group;of‘alternat1ves (referred to as the "a]ternat1ves-m1x set";~
in the first topic of the next section). If a decisioning modeff
purports to truly s1mu1ate a real s1tuat1on, then the mode] must
be: ab]e to compare‘froups of . a]ternat1ves aga1nst other groups of
a]ternat1ves, u§;]1z1ng the criterion measures which' have been
selected,to s;mu]ate.the_Jmpact of - the a]ternat1ves upon .the.

57 7



Figqure.2: Representat1on of the Comoos1te Var1ab1 Ranking -
o (CVR) Formu11zat1on for Ma1n-Fffects fodeling.e

:vq e '...,r\‘;

o Criteria ¢ . S~ B U

3
i 2 .

o

(column
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jtu .system'being fodeled. Thls is the main operatlonal d1fference ’
- between singular and mu]tmple -alternatives mode]lng -~ -that
| severa] a]ternat1ves may. requmre operatona]12at1on to sat1sfac—
. tor11y remedlate the 1dent1r1ed prob]em. ,,_" '
_ Ma1n effects mode11ng 1s a corre]ated 1dea to the mu]tlple“ '}
. :a]ternatlves context from the standp01nt of the mu]tap]e- -2.-»'h
':crlter1on effect via each eva]uated7alternat1ve. Cons1der t:;>*]”
fo]]owlng example. F1ve a]ternatlves have been.identified a '
- ﬁpotentlal remedla] actlons for a part1cu1ar prob]em being
_.modeled Each a]ternat1ve was’ measured across each of three cr1-'u'
~jwter1a to permlt a cr1terlon referenced eVa]uatlon. (To save =
,”;'tlme and- wear and-tear on the authors the transformatlon to T+
ra';normals is" suspended for this d1scuss1on) : The measurement scale
'chosen‘was a 5- p01nt sca] w1th 1nterva1 of 1 un1t, s1gn1fy1ng
u low benef1t ( =1). to hmgh beneflt ( 5) . The s1mp11f1ed dec1s1on
‘,p-;matrlx is shown 1n <F1gure 4) e .

4

. Note that the Zo]umn sums 1nd1cate Alternatlve c as a clear
o w1nner in th1s "1dent1ry the most benef1c1a1 a]ternatlve"""
~fj:contest However also note ‘that a1though C s. sum was ‘the L

h1ghest the measure of cr1ter1a #2 for C ( 2) suggests C o

: demonstrates moderate]y-]ow performance benef1t on th]S cr1terlon 4

'm‘g;measure. If we approach th1s slmulated examp]e.from a mu1t1p1e o

;':ia]ternatlves' vantage, a 11ke1yg'o1utlon might be the .incor- o

' poratlon of both-C and B 1nto ‘an’ altérnatives m1x-set N/ié how

B's. measure of moderate]y-hlgh benef1t (-4) on, crlterlon #2 coun-

.. tepdcts C's moderately-]ow (= 2) value., A]so, note how C ‘must .
'-'then make up for B S apparent d1sadvantage regardlng cr1ter1a #1

“and #3. ‘ ‘ ' 4 S

. ', solutlon. It 1s JUSt as- 11ke1y that 1n ‘a more cﬁrpligﬁged

+
S
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simulation the dec151on-maker m1ght not recogn1ze the cr1ter1on fﬁw
#2° 1nf1uence of - a]ternat1ve C.. Clearly, th1s sztuatlon 1s a
B potent1a1 prob]em w1th both s1ngu1ar and mu]t1p]e a]ternat1ves
mode11ng s1mu]atlons. - ' ' '
The so]ut109 is to perform what the authors ca]] "1nteract1ve
, effects" modeling -- contro]11ng not, on]y for the presence of
mu]t]ple so]ut1ons but a]so contro]11ng for: the potent1a1 of
_~sub opt1ma1 cr1ter1on measures for a g1ven a]ternat1ve wh1ch may .

be .masked by the va]ues of other h}ghly-benef1c1a1 crwterlon o .qd
’ 7measures. Whe 111ustrat1on and app]1cat1on of just 'such a mode].-7‘

b
~ the. Mu]t1p1e A]ternat1ves Model, w1th1n a f1sca1 ro]] back con-
v text is- the subJect of th1s report

;; : GenericiCriteria for'Competing-ATternatives-fﬂ';Q L

We have spent a. great dea] of eriergy thus far +in descr1b1ng
q'what to do, how - and- why ... but have g1nger1y maneuvered around
- Jthe questlon of ‘with. what' v1z. cr1ter1§.: Cr1ter1a must- be both
. 'system-spec1f1c ‘as - we]] as a1ternat1ve(s) spec1f}c.r Rough]y
U trans]ated crxter1on mqasures must ref]ect both the system be1ng
;Tmodeled as we]] ‘as -the, a1ternat1ve so]ut1ons be1ng eva]uated
Arespect1ve]y. Otherw1se, the - 1mpact to the system cannot be -
'_measured s1nce it had not been mode]ed (1 e..ﬂ

b

eria must be- 1ntroduced measured and ana]yzed
T E’ternat1ves, such that the a]ternat1ves can be-
“_¥a11d1y compared w1th1n a’budget1ng context, and the 1mpact to. o
the’ system of each a%}ernat1ve (or comb1nator1a1 premqtat1on of§57 ‘
all ava1lab1e a]tern@t:ves) can be analyzed F1na11y, cr1ter1a v
1w‘must be co]]ect1ve1y exhaust1ve of the 'foc1' requ1red ‘to " .
» [tcr1ter1on modeT the dec1S}on1ng context and a]]ow cross77"'

- o
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comparwsons betw, en,cr1ter1on measures, in: order to check for ;ff;7 h
: col]ect1ve1y uniiceptab]e '1mpact' va1ues (1nteractnve effects~§_hf'?
:mode11ng) e '::a . E .ﬂ'f}ﬁz : o
Mode11ng a]ternat1ves thh1n the f1sca1 doma1n represents as.

;c1ear an. 1lfustrat1on .of . cr1termon cons1deratlons as any
- 'mu]t1p1e-a}ternat1ves dec1sion1ng srtuat1on. For trad1twona1
fcost ana1yt1ca1 stud1es, the generwc focus of xgendmtur has
) been the province of" COSt benef1t ana1ys1s._ Swm11ar1y, foc1 of
'Nfeffectwveness ‘and. satxsfactxon have rema1ned strong cr1ter1on
"fentr1es in cést- effectxveness and cost- ut111ty ana]yses, |

-

”_respect1ve1y. An add1t1ona1 measure focus of eff]cxencz could
find 1tse1f 1n either of the three cost ana1ysws mode]s,‘ ' o
dé@ghd1ng upon its source of data (as 1s probab]y true. for a]] of
the 1n1t1a1 three cr1termon foc1) o L : o S '

7

Lot o R
" Nevertheless, these four. generlc crxter1on foc1 (effect1ve-,
ihess, eff1c1ency, sat1sfact10n and- expendmture) are dmrect]y
app11cab1e to the f1sca1 mode]rng doma1n' i

programs 1n promotwng the dxstrmct s genermc program

LR /[ goals?
(RN How effective are each of the var1uous a1ternat1ve
R ‘Ahf:;,programs in opt1ma]1y reducmng the’ current prob]ems

assoczated w1th each of the dxstrxcts' schoo]'s spec1f1c

‘ [ ,u*
; _program goa]s? Y ! e

[N A . \

R

U
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Eff1c1ency ' ~r»f‘,:,”’ o -"»ja ‘,,s; SR

’y:l.fi#How eff1c1ent are each of the varlous alternatwve
| "E:programs 1n c0nduct1ng the requ1red 1nstruct1ona1 o
4“;'1’;m3,:EFograms of the dwstrict7 S r,f e ~’__'I.= B 71“

@.ZI.l'fécaffa:Hoy eff1c1ent are each ofuthé varlqus alternatlve !
: P »-"programs 1n remed}atwng the current prOb]em( ). to be
QfSOIVed w1th1n the d15tr1ct7 ;:_fﬁ QJTQ f'“. :"5'”:~f;':

A .&'

;"*~1‘:fﬁ‘m. programs;mn thewr executlon, based upon the dlstribu— :

:1 {_ﬂ'_ff t10na1 domains of the admwnwstrator, teacher, student 3?;"-
RS parent and schoo19board7 ' j:fﬁj : I'},_,.;uﬂ'

- ;Tg' RN : SRR Pl e - -.'i‘

“;ff'gz;‘_ How satwsfactory are each oﬁﬁﬁhe varwous a]ternatlve

programs 1n the1r remed1at10n of” ‘the lﬂentlfled
proalem( ) based,upon the d1stribut10na1 domalns of the
"f_?~f amdlnIstrator,rteacher student parent ‘and._ schoo] |

RIS

. g%
°

. e, . RN B S S ) ‘ rf:k:‘&\ e
S e R N oo R ,H.»‘“
BT Expendltureg . T A

R 2 I . o
What are the sqgcwfmc obJect costs to the”dwstrwct for i
each of the yar}ous a]ternat1Ves,.and therefOreﬂthexr RN

A

/‘3{ sav1ngs 1f r011eo back’

‘=4f f'2 What are the costs to the dwstr1ct in terms of benefmts

1f the programs contanue7
T

-' e ’ e N .' '- : f. ) ) » In. o - ' :Vi‘" "J
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‘fl'5 3f33ff What are the costs io thq dwstrwct 1n terms of 11oss 1f
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It is likely (if not strongly suggested) that severdl.cri-

teria (measurement variables) would be 1dent1r1ed to adequately
model the rather general idea expressed- above. For example, the
criterion fqgus of efficiency for a particular set of alter-

. ol . ‘ .
natives curriculum programs might be measured in terms of:

%) Amount of time in m1nutes the program requ1res for

session (to 1dent1fy small v. medlum v. large group
sess1ons)'-and/or .

¥
63) Percent of time the program reguires use of a part1cu1ar

¥

laboratory or Tlibrary resource room.'

Expendwture is another criterion focus part1cu1ar1y'§uscep-
tjb]e to the 'de]1neatwon' of its content. For example, ‘the
‘total. cost of a program 1s'qmportant but potentxa]]y more impor-
tant is the program's budget breakdown by object expenditure
-+ {e.q. amount for salaries v.. amount requ1red for cap1ta1
improvement ). - <Figure 53 111ustrates the. impact of differen-
tiated criterion foci upon one tradltwonal decision matrlx, ;

It may'now be trivial to state that each of the four sub-
matrices within the tota]'decision matrix could be"itse1f'a‘deci-
son sub-matrix. Thus the a x n effectwveness.sub matrix could be
executed. to determwne whwch alternatives best 'f1t' one stated

-effectwvenfss cr1ter1a. In turn the bxn.e ffwcwencx s&b matr)
could be executed for its so]utwon, and Fhen each of the

rema1n1ng c x,n satisfaction and d x n xgendwtur ‘sub- matrlces
could be eva]uated Such a serial procedure would yield four
setsﬁof.ansﬁgrs (a]ternatwvevsolutwons), which themselves wou]d

N

S | _
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Figurd 3. Aepresentation of a Generic-Criterion Cecisioning Model for
" Analyzing Multiple Competing Alternatives. .
& = :
¢ i . . Multiole Alternatives
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(Satisraction Criteria) « .
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require comparwson forga<f1na1 solution. The questxon arwses "Is

~ this really the best, mbsg valld (and reliable) process to
fo]]ow?". ' ‘ '

. ’ &F
PR )

Hopefu]]y 1t is a]so trrvaa] (?) to the reader that the full
decwslon matrix (a+b+c+d) x,n cou]d have been eva]uated the
solutions determined, ref]ecting those a]tbrnatmves which best
fit the total effectxveness,,efflcwency,(satwsfactmon and expen-
diture crlterion sets,’ sxmu]tanecuslﬁﬁgﬁgd'thus, optimally opera-

tionalize the preferred interactive facts modeling framework as

previously discussed. -
, . . .Q

. \';n.*

~

A Preferente/Trade-Off'Anaiytica] Framework

' The importence of variabie criterion characteristics for a
given alternative muet,be reiterated. Solutions to real-life \'
problems are found to be "perfect" only in textbooks, profe§sorfs
lecture notes, and the 1950's cinema. In reality, all potential
alternative solutions will be found to have at least one flaw (if
not many); and still be the best:a]terhative(s) solution
available. |

In selecting a final alternative as a solution based upon
.that same alternative's merits, the decision-maker also
(consc1ous]y, we hope) aqcepts that same alternative's lack of
merit on other less! vir%uous criterion measures. Recall the
1]1ustrat10n in <Fagure 4). A]te&;;iive C was Se]ected based
ria #1 and #3. " To fill .the gap'%ndii
‘Wrmultiple alternatives mix-set solution
sequent addition of 'B' to the solution:

was sought’ with\the s
set. However had we the opt1on to choose a set oF so]utlon
alternatives, would we have retalned a]ternatxve 'C' At thlS

level of macroanaiysis, the answer is probably ' yes .

r"‘" B

s N N
‘té' . e .
g 5 . A .
.gﬁ .
- &



This is the theory of preference/trada-off in a]té?natives
modeling -- singular or.multiple. Alternative C was the final
choice due-to one preference for high benefit on criteria #1. and
#3; and a cohcurrent willingness to trade-off (i.e. accept thejf~
negative) the Tow benefit effect associated with'critekidh #2.
This concept is most important in the'understandihg of:the |
multiple-alternatives/ interactive-effects modeling technlque to
. be 111ustrated in Part II of “%his report; and applied to the
fiscal roll-back problem in Part III. The ma1n difference bet-

. ween the way the concept of preference/tradeoff has been

descr1bed, and the way in which it is actually applled w111 be .
evident. Basically, the multiple alternatives model (MAM) will =
define preference/trade-off as a willingess to accept a central-

tendency solytion mix-set, where the required impact' is not

a]ternatlve-spec1f1c, but rather is mix-set genera11§ed The $
measures of central tendency and variablility (d1str1but10nﬁ1
<@
mean and standard dev1at1on) will be applied to a yet -to-be- -
d1scussed marve]ous vector of va]ueSscalledﬂthe cond1t10na1a
vector, in orqer to assume theijr preference/trade -offe . *
flexibility., ' o e : e
: ) 8 g . @
# 8 ? ¢
' 8 .
. 9v N v &
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.. SCHOOL CLOSURES AS A’ FISCAL BUDGETING DECISION

’ . e

”!

Few dgcision modeling situations exist .without Some amoont»‘
of reljance upon selected criteria which define monetary jtems.
Indeed, it cou]d be said, that a]] dec1s)ons involve potential

‘changes within expenditure categorles based upon the a]ternatlves;

se]ected that is, expend)tqres will either 1ncrease, decrease orh o

©repain the same, whlle revenues are 1ncrea51ng, decrea51ng or.

-policy decision; and the likeliness of a particular policy a]te?" i
native 1n resolving a prob]em issue. . In today!s educat1ona1 N &é%%
[ i F..,’

climate, decreased revenues for 1nstructwon salaries-and buw]dlhga-'i

‘of expenditure.savings, and not cost- benef1t 1n terms oh"

',“'llkew1se constant. This may seem like 'overstat1ng the obvioffs .
' case', yet many decxs1oners of ten seem determlned to study those Q:'d

criterion items concerned with need demand and performance --_~
and relegate to final stage, a decwslon as to whether the se]ected
alternatives can be funded or not within the exi %ing budgtary
Timits; or whether the newly-decided ro]T back 1"
satlsfy the reduced- expendlture 1eve1 sought A_;)ﬂl

L
e

o L
In another sense, concern with the fwsca] portlon of prob1em
reso]ut1on may in fact 51gna1°the reasonab]eness of a part1qy1ar

maintenance have announced the era for the cToswng of s
a cost savings stratagem. Opponents of a schoo] closurp 04,
attack such an solution alternative as not cost-effect:f??:f"'

_‘otentwal i
decrease in educat1ona1 qua]wty The author has-exp]or%g th1s~- '
issue, and presents the fo]]owwng as an illustration of ut1]121ng
fiscal crlter1a in determ1n1ng "an 1n1t1a1\po11cy standard - prlor
to developing the various mu}t}p]e.f1mp1ementatlon a]ternatlves‘ Ay

'.;ﬁ

1 g4

which would execute the,po]ic};vahd its implicatigns.

— . - .- »
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Cost- Benef1t and Schoo] CIosures W - SR
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A se]ected a]ternatave is v1ab1e and feasmb]e only 1nsofar

as 1ts effectmveness in, remedmatmng a partmcu]ar stated problem

46 is- conc]usmve]y defmned (wholeben .1980a). ‘Within a compet1ng
-*s1tuat10n such aSuthat brought about by dec]1n1ng school enroll-j
~ments, _ lgiased puwac demand for program management acoounta- ;N:' 7
bwllty, spxraling nf]atmon, and economlc recess1on - so]utlon.
.1terhat1ves such as’schoo] c]osures and attendance zong consol-f

- N

T O

L e
- -

LR N

‘ *: ' "glf 1eve1 of plant utwllzatwon,. 2) degree of
'urrvﬁulum{aécounyab}l1ty, and (3) extent of staffmng requmrements.
fch .of these three 1SSUES cdncerns an: 1ndependent though re1ated
”aspect of educationa] %onsumershmp

and- management ) The decmsmon

" ”gof the po@xcy ana]yst tg" setect school'610sures ‘as a means of ..
abat1ng the‘negatlvéhznf1Uences caused by dec11n1ng educhtwona]

’ consumers{gmust carry wlth 1t the concomwtant 1ncrease in. those o

jlztgpgsﬁtwvejff‘ternon references ‘at’ rema1n1ng operatmonal swtes, 1n o

_Utn41zat10n and Re1ated Flscal Resource A]locatmon

T g.,-.
. a

iy pergtﬁng ex endltures unhelated to the 1eve1 of educat10na1
f~?‘63€ Elon ”%éﬁch requmreﬁe ts'as heatlng, a1r condmtmoning,
.g.d”1 htmhg, ma1ntenance, 6 inc:

-3 .and grounds maintenance are- the more 1mmed1ate 1ssuesebf fmscal
,g§m nd that Are got fully exp]amned by the degree of bu11d1ng

'g.\"
‘v . Tt
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4'en¢b11e stﬁdent at‘max1mum enro]]ment potent1a1 - are c]ouded

> ,-‘

ﬁkninggwssues of program 1mp1ementat1on a"d

R

§§ 1arge. Cr1ter10n measures as energy
Oot “ nd ava11ab1e 1nstruct1ona1 .space per.

.c .

- 'Qj}ess dﬂass size equa]s better’ educat1on" and

e

" 4

;hh_Jewel of enro]]ment exp1a1ns less ‘than
13. Z;percent of .the var1ance associated

S
e wrth mawntenance expend1tures, and less than
4 27 0 percent of the var1ance associated

“;;y1th total utility expendvtures, ‘\\___l“-. s
¢ but Bhat: - | ' '
“ - . site area explaifed 63.6 percent of associated
o o d heating requirements, 47.5 percent of gelated
é'ﬁ_ utility expendituref, and 40.6 percent of %
SRS total service (mai éﬁnance plus repair and _
T replacement) costs Y{holeben, 1980a). *. s
' 80 .-
: S
&
. _ @Eo

o _eqro]]msgt equa]s 1ess on-site maxntenance expend1ture"’
Unfp“t:n'tefy, Su&ﬂ;
SN ow “_.i' .. .
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. Such findings Mou]d'suggest that fixed costs‘exist at a
?e]at1ve]y constant 1eve1° regardless of building utilization.. -
It necessar11y fo]]ows, that .the more such costs are- distributed
across reduced s1tes, the lesser the leve] of tota] expend1ture.

| [

PR

. Curriculum Program Flexibility and RelatedICost-Benefﬁt Indicators
N ‘ .. . - A .

Not as easﬁ]yvquantifiable yet nd']ess{reliabTe'areﬁthe;Q
trade-offs associated with specialized curri;u]um”programs_(i}e; :
'.’those requiring'specially trained personnel) and fisca]-a]]btments;‘

Even if (on]y) a'sing]e student requires sbetia]ized assist-
'ance -- that assistance must be forthcom1ng. Spec1a] programs
require spec1a1 perIe (normal]y with more spec1a11zed training),
_and'therefOre at greater cost. Certainly, it may requ1re a person
-who will deal more jndividually with the student's needs. Thus,
the issues are:, a highkr -paid person to deal with a smaller
assortment)of spec1a11z§d needs; and an 1nd1v1dua] person dea11ng
with a sma]]er number of studeQDs -~ an 1nd1v1dua] ‘who might
otherwise have béen instructing a regu]arl class -- and thereby

negating add1t1ona1 staff1ng requirements. .

Many speciaTized c]asses exist based upon.demonstrated'need';
(e.g. bilingual), demand (e.g. handicapped), and desire (availa- t
bi]ity of assorted monies and grants). Oftentmmes, the: degree of
support is based upon the degree of need; for example, an ’enroH-
ment of 10 pupils may recieve greater fund1ng as compared to a’
situation ‘with 5 students. WhiTe fundmng may be contingent -upon

‘_enro]]menb xpend1tures often: are not. The difference between
a]]otmen; and need must be borne locally if the program is to
sarv1ve. Nowhere is this more demonstratlve than as rea]mzed 5
by the 1eg1slated requirements of P.L. 91-941, and the reduct10n
in federa] funds to help local djstricts satisfy these_demands;ik;

e . e . »ﬁ/’

.
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“and time costs reduced, and extern
. efficiently allocated. '

Three‘a1ternative soTutions to th{s situatfon wou]d'Seem-to
be: .- . g o o o 1
' 1. ;speciaLized teachers at particular Tocations
“with add1t1ona1 dutxes ass1gned to teachers
2. spec1a112ed teachers at part1cu1ar locations
. w1th student co]]ect1ve1y transported:. and '
3el 1t1nerant teachers serv1ng several 1ocat1ons.

'Unfortunate]y, negatxve measures (outcomes) assocxated with:
uunder utilization of. ta]ent schedu11ng constra1nts, and wasted

transportatxon time and expense militate aga1nst the f1na1 use
of such remedlat1on strategles. '

Program conso]1dat1on at operat1ng schoo]s after se]ected
s1te c]osures will servie to a]]ev1ate these dilemma. Less .
orogrammat1c personne] will be requ1red as well as a more’ efficient

| '.dwstrwbutxon of "utilization per. overhead" affected. Spec1a11y

trained- personne] will be ut111zed“'ore eff1c1ent1y, transportation

funding (as available) more

unigue in that no. 1nference’
- only quant1ty\1s of concer

General Program Staff Requirements and;Re]ated Cost-Efficiency

The final 1ssue in ethxnxng fmsca] expendwture requ1rements"

.W1th1n the policy decision of school s1te conso]wdatlons, 11es in’
"the understanding of the distribution of sa]ary and 1nstructwona1 ‘%

costs across enrollment. Related to the phy51ca1 plant and

currxcu]um issues,: genera] staffin ”“nterests are nonethe]ess

s.dlrected towards qua]xty (1.e.

."'. : Sa]arwediteachwng personnel gain no- add1t1ona1'remuneratxon

if they 1nstruct more students than another teacher w1th1n the.

same district; and teacher-management contractual gu de]mnes_are

91



inhforce. The e]ementary schoo] teacher is prov1ded the same

sa]ary whether 1n‘an under utilized or ‘crowded school sett1ng

Very s1mp1y, wlth a ratio of 20:1 as spec1f1ed by contract four
_ teachers with 15: 1 ¢lassrooms could be rep]aced with three indi-

. viduals with the contracted 20:1 asswgnments " Thus, the union -

of 'class conso]wdat10n w1th 'site conso11datwon' provides a v
c]ear conceptua] context for cost benefwt sav1ngs S _f S <

’Regard]e$s~gf the Savings ...

‘ " The above three issues of plant ut11lzatwon, curr1cu]um
accountabw]wty, and staffing requirements support the potent1a1
of using school: closures as gne'a1ternat1ve to a s1mu1taneous]y
declining student popuiation'and{?ﬁsca] revenue milieu. Taken
swngu]ary]y or collectivély, it is emphasxzed" that they are not N
-the sole grounds for effectuat]ng a conso11datwon strategy -
- only.that fiscal 1mprovement and expendwture relief are possible.
And the author concedes as equally. 1mportant a crlter1on, the

fquestwon
é

-

vt v

' -“How much improvement,is‘ﬂorth:c1osing‘a schoo1?" ;'
As will be oresented'in a later chapter via an elaboration upon
use of the dec1s1on1ng mode] SCHCLO (the SCHool CLOsure modeT)
a framework does ex1st for eva1uat1ng -and contrast1ng crlterwon
references in order to target potent1a] closure s1tes It is .
further na1nta1ned that mode11ng neither emphaswzes nor de- -
"“=%emphaswzes any partlcular soc1eta1 va1ue or mora]lty -- in the

5techn1ca1 sense, that js. Rather, such often qualitative data
must be wewghed by the decws1on-maker, subsequent to rece1v1ng

the mode]ed evaﬂuatwon output and resu]ts e

g3 ' (
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Examining Basic Issues in Fie]d App]ication§ ]
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L THE ISSUES -~ . ¢ .
& TEE o

_ The constructIon of a decxs1on1ng sic) -EDdel requxres, that.
' 1n1t1a]1y within the p]annwng stage of | such formulation a clear.
| understand1ng exist between: the theoretlca] constructs of the
‘ model, and.its deSIgn 1nysatxsfy1ng these constructs. Or in the ‘
more proverb1a1 ,sense, ‘know where you are to go,.and how you “i' «
-+ intendupon. gett1ng there -- before tak1ng the’fIrst step . The -
#1, p]ann1ng for modellng formu]atIon is very much-a stepwxse, o |
T sequent1a] .process, not’ on]y 1n terms its actua], physxca] con-
\struEt1on, but also in 119ht of the numerous theoret1ca1 bases
wh1ch underIIe‘and quide that constructIon. Th1s chapter serves
to hxgh]1ght these preparatorv gu1de11nes, and to further serve
“as'a 'erld app]1cat10ns pr1mer for the nov1ce -- to illustrate
the fundamenta] 11nkages between the USe of “mu]tIp)e a]ternat1ves
ana]ysxs' and the mu1t1p1e a]ternat1ves mode]' --"and prov1de a
so]1d base for understand1ng the re]atIonshIps between the .
theoret1ca1 construgts (3. -8y jssues) on the one hand, and the1r
pragmatxc 1mp]ementatlon (1“% app]xcatlons) on the other.

IS Y v .

: Chapter three w1]1 utn]xze the l'1ssue v. app]xcatlon" parad1gm
as an . instruct1ona] techn;que in present1ng the dajor wssues which
gutde the(desxgn and constructlon of the mu]t1p]e a]ternat1ves "é?.

- mode],uand its u1t1mate ut1]1ty in determ1n1ng mu1t1p1e aﬁterna-'a' |

tive so]utxons. Four genera] top1cs w1|1 be- addressed wéfhln .
T thlS chapter SR . o K S
~ Y . 3 . s . ¢ : i R .ﬂ.;,
o ‘»_. . K L N ‘ . c “ ' ‘ "
. ‘ ' ' S el - ol
o In1t1a].Constructs ﬁor UndeﬁstandIni"' SULTURI
- i . LT -v'ﬁf CL
o e ;kf%' ﬁ' x '?xE§J""'
Inter re]at1onsh1p of Wultxple A]terhatxves .
2 AN U _.f/’-
,." w1th Competxng Cr1ter1on References'» o A
Voo Desjgn'Contingencjesjfor Model Building; and BRI
& ’”»‘%‘ R ‘ . .: Rt . B ] - . r}
H ’- ’:- S ‘. () (-{/. _,
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.‘zi;:; ;COntrol Contingencies for Mode] Executdon; -
- F '\ . - . . B o - ‘. . ) . . s .. . /
S hese ﬁenera] top1caT areas will be dWscussed vwa nine specific:

1ssues, and the 1]1Ustrat1Ve f1e]d applications whxch demonstrate
' °each 1ssues' pragmat1c base w1th1n educatxonal eva]uatxon and’
decws1on-mak1ng. : I g L0 C e e
R A S T
'é,‘ The- f1rst genera] top1c concern1ng "initial- constructs‘ wwl]
examxne the: initial foundatxon {and. 1ts cr1t1cs) for the mode]wng
of policy a]ternat1ves, and the d1fference betyeen po]xcy and 1’ B

actwon-alternatxves' mode]1ng. The. second sectxon concernlng

G

.'a]ternatxves and cr1ter1a' w1]1 1|1ustrate the use of sxng]e and
mu]txp]e entry mode]xng, and the comparatlve d1fferences betweenﬁ‘ B
main and 1nteract1ve effects formu]atxons. '

,.'a

The th1rd part of thxs ‘Chapter attempts 'to defxne the re]ataVe o
1mportance of two major constructs in’ mode] plannxng and de 'gn,.vjy

- that the model exh1b1t degrees of: both mutuai= exc]usxveness fnd
co]]ectlve exhaustxveness in 1ts &Qnstruct1on., F1na]1y, the area
N s .of ‘contro]l cont1ngenc1es' will be . hxghlxghted v1a a d1§pussxon
of measureab]e system 1mpact decmsxonlng optwmxzatlon, and the
acceptance of preferenceSrand trade offs., o
Whl]e chapter two sought to: place the use of mu1t1p1e
a1ternat1Ves ana]ysws W)thln a specific: context for- the 1n1t1a1
understandlng of the rggder -~ the context of program budgetxng
and f;scal ro]l backs - chapter three now commenqes ‘the more
theoretxca] educatxon of the reader, and presents a d1scusswon of
ni@&.xssues (w1th the1r app]xcatxons) necessary for ‘a more )
v thorough understandmng.‘ Chapters two and three preV1de a pre]ude .
'f Jto the content of chapter four which dwscusses the more techn1ca1'

B -,
.

and‘mechanxcal rud1ments of the mu]txp]e a]ternat1ves mode]xng

framework
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' MODEL MG "POLICY":ALTERNATIVES = .

.

A]] dec1s1on-mak1n§ represents a consc1ous and-demonstrat1ve
jselect1on of one or: more cho1ces of préferred' act1on, From a
vtmu]t1p11c1ty of a]ternat1ves - be they "po]1cy" a]ternat1ves ,'}'
:]‘wh1ch def1ne the po]1cy 1noapproach1ng a spec1f1ed prob]em area )
-tfor "actlon" a]ternat1ves, methods of f0110w1ng the def1ned p0]1cy—~
_‘Quand thereby 1mp1ement1ng 1ts gu1de11nes.» P011cy mode11ng more-.. '
'uover' regu1res a . strxct be11ef On the part of - th@ mode]er that
f1rst respons1b1e dec1s ngﬁ mands the need to prOJect;the
fffuture 1mpact of a1terna 1ve 52c7slon§Rpr»or to the1r se]ect1on
" and execut1on- and secoﬁd} a;codgtable eva]uat1on Qﬂ these various

-——1-—
;f}j'alternat1ves demonstraté;phat which, we understand and know of
ﬁﬁif the effects. of today s dé?fs1ons, and the1r ut111ty for s1mu1at1ng
' 'tomorror s, dec1s1ona1 rquﬁrements. Th1s is a true exposigdon of. -
“the 'pragmatic research' aoﬁ ut1]vzat1on-baséd eva]uat1on}3wh1ch },

is requ1red @f every emerg1ng educator 1n today S. ever chang1ng

. wor]d SR ¢ A
, v - , P .
‘ s ’ el .
':The-Issue; e e ,
- l_ / . [P ..." e s . ol e . ! ' v

‘ The rea11st1¢ cyn1c 1nvo]ved 1n p011cy eva]uat10n wou]d ‘,'
| w‘def1ne the env1ronment of ﬁ%ﬁﬁ ' 1mp1ementat?on~as one'Where1n, '
__';j"to do’ one's" ab]e best,‘wwt,a'ﬂ_,"t one is enab]ed to “do." . Thqﬁ@.
- analyst would attest to the g ,ﬁ%f'as def1n1ng the* dégree of
ulgnte111gence or know]edge the po%1cy ;mp]ementator br1ngs to the -
futwon of the ro]e -and to the 'enab]ed' as - spec1fy1ng the '
. :co ;trawnts 1mp1aced by theoenv1ronment upop the successfu] .
-1mp1ementat1on of the p011dy gu1de]1nes.. Indeed p011CV'1s but a .
'=fset of, gu1de11nes for ass1st1ng she adm1n1strator in: eventua]]y ’
»obta1n1ng sat1sfactory comp]et1on of both persoha] and organ1za-.

N .
. n

~ gFonal- obJect1ves' '*";*“'33 BTN __' ,v_ii;‘ Co e
N .%éf:;\' e, v a'_'. pr ’.‘ . L -’ ‘ . ’ ..“i} » o 4
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wFigure 6. Strat1f1cat1on of Operatlons Research (OR) Apphcatw% ” .
Y Within: Educatwnaﬂy Re'lated Env1ronments

- * LIBRARY OPERATIONS

: TEACU\\\A§§IGNMENT
| ©+ "PERSONNEL SELECTION :
L ~+ < GRADUATE STUDENT SELECTION

- * - STUDENT ASSIGNMENT

5 FACILITIES Loéx%iom
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%

CAI COMPARISON N
EDUCATIONAL ADMiNISTRATOR PRES RATION
‘COUNSELOR TRAINING 3
‘ - -~ CURRICULUM REVISION
. - TEACHER TRAINING '

'VOCATIONAL EDUCATION/REHABILITATION
HANDICAPPED/DISADVANTAGED L
WORK ENVIRONMENT/PRODUCTIVITY
MANPOWER TRAINING .
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STUDENT BUSING
URBAN MASS TRANSPORTATION
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n
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STUDENT HEALTH SERVICES = = ' -
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fPoficy'is'itse1f of course, an a]ternatwve course of actxon
‘which has been agreed upon by the: 1eaders of .the organ1zatwon
1nvo]ved It defines a set of strateg1es or over- r1d1ng “dogma
w1th1n wh1ch the organwzatwon must operate' and from which: more .
specific tact1cs or performanceAspec1f1cat1ons will evolve. -The
idea of "mode11ng" is borrowed from the edg1neer1ng scventwst
and represents a belief that carefu] study and- 1nvestwgatwon of
'observed’ phenomena will aide the careful’ dec1s1on-maker in
-understanging potent1a1 'expected' phenomenon 1mpact based upon
upcom1ng decisions. That is, the policy maker needs" séme sense
of what “impact will accrue to the system as a whole, - based upon

- the 1mp1ementatwon of d1fferent dec1s1ons, The suffwcxent ouﬂh\ﬂ

come of 'modeling pol1cy a]ternat1ves' 111ustrates then for the
decisioner, what differential benef1t exxsts for. the system as a

. result of d1ffer1ng po11c1es, and the1r varv1ng eTfects *ahd

therefore matches for the system, the dec1s1ons of today. w1thffﬁ‘
“desired effects of the future. ' - )

-The general jdea of policy a1ternatives"modeiing however
suggests at Teast three different perspectives to be‘addressedf'f
Eirét, such modeling can imply the rieed for modeling alterhative
po]1c1es, that is, to study the phv]osoph1es associated with each

of several a1ternat1ve policies, and therefore to decide ulti-

mately upon which philosophy w111 be def1ned}as d1rect1ng future °

organizational efforts. Secondly, policy alternatives' modelifg’
.might also suggest the hxgh]y structured modeling of the poten-
tial 'action alternatives' 111ustrat1ve of a dec1ded-upon state-
ment of po]1dy or - ph11osophy, that js, what act1ons are now
poss1b1e based mpon the philosphy or po]1cy adopted, and “
_furthermore, how do these actions now d1fferent1a11y provide the
desired 1mpact( ) to the system as a whole’ Fina]]y, the -
mode]1ng of. policy alternatives mwght well gddress ‘the fundamen-'

tal nqed for the policy ana]yst to _model the various 'contlngency

- outcomes"for the potentwaT alternatjve actions now implementable

based upon»the phwlosophy or.po\mcy*adopted

- . - ¥
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The first idea.of bde]ing parallels the input, portion of -
eva]uatwon mode]wng what 1ngred1ents will be entered into the '
organwzat1ona] framework 1n,order to produce the_deSwred effect7
The second ijdea best j1lustrates the process portwon in eva]uafﬁ
txve smmu]atwon' What procedures or partwcular decmswons wﬂl.7
result from the stated ph1]osoph in order to’ satxsfy the iden- .
txfwed needs and demands of thel§>syLm being mode]ed7 The thmrd"
notion then specﬁfles the utpu portion of mode]mnd\ What . B
resu]ts Wil be 1ncurred based ypon the varmous spec1f1c act1ons v
taken as a resu]t of the particu]ar po]lcy adopted7 How the
“decision modeler proceeds with the process o/ 'modeling policy
‘alternatives', will largely depen% upon whith of the three levels
of specificity stated above, - best 111ustrate the declared d1rec-
tion of the 1nvestwgatlon to follow. o ' N

s

.The Application S . ’
There once existed three rather large. and prosperous school:

d1str1cts who began to exper1ence ‘parallel prob]ems of dec]wnlng

school enrollments 'and dwmndlmng fiscal budgets. - The first -

school district assembled their very aple policy analysts and”~ ¥

evaluators, and decided that environmental impact statements were .

rieeded to SUpport the district's a priori decisions’as to which‘
‘ schoo] to c]ose--— noting that this. d1str1ct had already decided
upon “school closure as the po]1cy decwswon to adopt The' cr)terwon

23*§$

of *attendgnce zones' and‘wts relation to student population centers.

-represented the major (or sole) *criterion For deciding which site
» was to be re]eased from the roles. The second school dmstrxct

realized, that more than a smng]e criterion . would be necessary to -
_decide which school (or schools) should be c]osed, and so they
" also ‘assembled a'commwttee “However, this comm1tt5e was comprised
of comnunwty 1nd1v1dua1s from each. of four sections of the dmstrwct

" which mos§ likely would have to release a school §1te, and consisted

1 > .
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of such membershwp as bus1nessmen housew1ves and varlous b]ue-co]]ar.'
-workqgs. To demonstrate true conmun1ty 1nv01vement” the o
superintendent charged this group w1th two d1rect10ns - the first,
to determine a set of criteria which would then be, utilized to
évaluate each of ithe schoo] sites for potential c]osure -- the second
vto submit a 1ist of four s1tes for potent1a1.re1ease, based upon . the
o resu]ts of this commlttee—based eva]uat1on. "

- N
. . N
'. R s . N .

_ . L . J
SRR Our ‘third school dwstr1ct 1n1t1a1]y studied the need for site .

c]osures as a means of .alleviating the prob]ems associated with
_dec]rn1ng enro]]ment and decreasing school revenue; and found th1s

a ternative to be the most ' 1ikely so]dtion strategy (“policy a1ter-
.nat1'e")'to fo]]oﬂ Representatives “of the district office, f1e1d

'adm1 jstrators and c]aserom teachers, expermenced un1vers1ty , 'j‘ f\

Nators in eva]uat1on and dec1s1on—mak1ng, and community repre-

" sentatives were assemb]ed to study the problem:A Targeset of ————
" criteria (and their associated ériterign-references)*were drawn—up; '
" and evaluated for their suitability in determining\school c]osures.
Three models were spegifically des1gned to eva]uate the cr1ter1a,
and the1r 1mpact upon the dec1s10n(s) to be made -- how many sites
'to re]ease, and which ones. And f]nally, the models executed the

resu]ts_eva]uated post-hoc, and the results re]eased for pub11c
sérutiny. | o | 3 o
.- ) . y ., . ‘ x 'a

" only one of our three d%strﬁcts had-a happy endind.“‘Yet all i
closed schools as the po]1cy response to declining enrol]ment and
decreased revenue. what existence of dwffermng mode]1ng precedures,
or mode]wng outcomes, served to predict more success for one school
'd1str1ct over the others? ‘ k

~ . . . B n . : o -
. ' .

r P A
A]though one modeler was successfu] a11.faced‘the’same:problemsﬂ
assoc1ated withthe fear, disbelief and ignorance. ot the”genera] |
popu]atxon "Nowhere-is this better and more c]ear]y w1§nessed thﬁ"«"
in the situation of ‘program budgetmng cutbacks; as dwscussed w1th1n :
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chapter two. The maJor prob]em to be addressed in a]l modelsng o
eplsodes is that of cr1ter10n deﬁnnmtmon, refenqncxng and‘measure.
4 o A N/ ‘

~

Cr1terwon def1n1t10n 1nvo]Ves the 111um1nat10n of those areas
‘which- will serve to compare the potent1a1 a]ternatnves for 1nc1uswon ;f}
within the so]utwon set. ‘In the prob]em of budgetary cuts /cr1ter1a'ﬁ'
“of. need demand, performance and persona] satlsfactwon are often G

. ¥ def1ned for use 1n a comparathe eva]uatwon. Cr1terwon~referenc1ng
' comes 1mmed1ate1y after defwnmtnon, sxnce once types of cr1ter1a
are- agreed upon, sources of thewr measure must be denoted 1n order
to gain the- ev1dence decreed by the pre]wmlnary def1n1tlon. Areas
of curriculum deswgn and 1mp1ementatwon will often haveﬂreferences
. such as galn scores ‘on standardmzed batterxes to d ndfe reference)
a ﬁrrtlcular cr1terlon of performance., Thus the hisuTts of each
student S performance on’such a test will prov1de }nput to the

\

A

——fxna%—seqectmon,of one- curr}culum»alternatwve—over—another—ﬂnn the
pursumt of”1nstrp5t1ona1 exce]]ence. A]though 1ast in the series,
A cr1ter10n mgasurement . is often the most vplatwle, "and Teast defens-
1bTe For the mpde] bu11der.' The measurement of performance v1a ’
stahdardwzed scores from an achwevement battery is se]dom .
questmoned but not equa]]y o) for the needed asures of persona]

2

’

satmsfactmon as mmght result from responses t seyeral 1tems.on-
a 'disagreement - agreement' antmnuum. ’ _ o . A

v
l 9
»

- v !
ot R

) Individuals not understandmng the modea's ut111t§, or ‘under-
. stand1ng it well enough to not want 1ts objective eva]uatwon of
the a]ternatmves == will ralse such issues as true impactenot being
_/ medsureable, or that true 1mpact can on1y4be measured over severa] '
.'years of observation (ot heretofore exmstent , of course) These
critics witl. declare that competition for “scant resources Teaves
the process open for hidden agenda and erpetrated bias, and “that
| modelers will be ‘able to use Jargdn‘ nd mumbie-jumbo to conv1nce
v others of the va]wdwty of the modeers' decisibns. The maJor

argument -— and the one most likely to destroy the ut;]wty of a

\
, . . : ! . . +
PR, .
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.‘ﬂee;sfon'mode]'for evaluating potential deailpcatfoh'a]ternatives‘ 
1'_fora#hg~ye1fere of the_6rgenizetfonz7-'is'ohe whfchsstates, that: -

. v L v .

Al program ‘units now ex1stent are(essent]al to

»the m1551on of the organmzat}on, and therefore )”
. é11m1nat1on or deallocatien is. an| 'unreasonable -
". dec1s1ona1 a]ternatlve. The more prudentkcourse
of actlon is to reduce budggtary ‘allowances by
‘'some percentage\mndunt across- the board, and

direct each unit to,13vefw1th1n7the)r-means,_ z 4
‘ ' ' ’ 3
Such a po]wcy a]ternatlve’ﬁs most 11ke1v orly’ becquse the nece551ty

“of such “hard dec1s1ons such as reduct1on =in= fprce of personne] w111 N
no 1onger be - necessary Fr%h the -upper- eche]on of the management{J

hierarchy. : _ / : |

,‘."

D’-} . '.’ ’ ¢ ‘o."
K N / - 1 1 . )

L]

. ' ‘ .
-~ There is but one p‘%tectien against ‘the *arbitrary and capricious-

:-Judgements which "the cynics ang critics dégﬁare as dooﬁstay'heréT6§;'_“
‘ and that is the use of a c]ear%ialternat1 gs-based, -criterion- » .
referenced, dec1swon1ng model. Such a model must not only be able

to eva]uate bqth pglicy and action altervative decisions, -but- a]so o
do so in a complex environment wh1ch controls the worth and des1(3:
lbm]m?& of each alternative, its' impact upon the problem to be . \

'so]ved, and its co]]ect1ve benef1t to the system as aw ']e.
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POLICY V. ACTION ALTERNATIVES

“ .
]

- ~ . EI A S
One can view the poTibj alternative- to. be decisianed as the -

-

over- r1d1ng ph1]osophy or d1rectloh whlch an organlzatwon will _

adopt in determ1n1ng fqui/: spec1f1c remedlatlon strategaes for -

" the 1dent1f1ed-prob1em X uat1on.».0nce determined; the‘sp icific
"-'action alternatives to impiement the buidefines of the polity must

be ‘evaluated and themse]ved~dec151oned In effect, the actlon
a]ternatlves are- the ‘degree' of remed1atlon to be offerred to the

_'dxreotlon' of the policy being followed. ° ’ .g
— )'\. § -.. . ".'Y> .. - . o .

courses ofﬂactlon, a basi 1st1nc%10n must be made between the
"1eve1 of spec1f1c1ty addressable b\_the actlons deflned Reca]] -
that a po]lcy represents a ph11osophy to be, adopted and fo]lowed“

whereas the actions assoc1ated wlth partlcular po11c1és represent
. the 1mp1ementatlon fostered by the pollcy adopte . Therefore, the
- 1ikely. result’of po]xcy—]eve] mddellng will be the adpption of a
| ;sxngu]ar philosophy, within which the organlzatlon wé?] operate.
At another level, the ph11osophy ad0pted w111 guxde the.organlza-
tlon in successfu]]y remed1at1ng a particular issue or prob]em '
. facxng the organization at that time.* 0bv1ous]y, @1fferent philo-
soph1es may | nstituted as d;;;;;ent times,] depending upon' the

more hlgher 1eve1 or esqteric fosophies .of the organlzatwon.

N

For po]xcy a]ternatlves therefore, the resu]t of ‘modeling, or- the -
sxmuh‘:aon of potential’ outcomes, wou]d most Tikely be the choice

of.a s nq]e po]xcy or strateqyaof action. . -
The second-]eve] of pollcy a]ternatives‘ mode11ng however,

. aﬁdresses not the phllosophy dec151on per se', but rather the |

: o e LI ”\\l.
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11ke]y actlons wh1ch rare allowable baséd upon the spechlc po]icy
or phz]osophy adopted Such action alternatives could be’ singular

“or plural (i.e. multiple) 1n -scope; but address the’ 1mp1ementat16n :
~ of the particular ph1losophy guiding ‘the: organ1zat1on s efforts
—Action aJternat1ves~are-further dwst1nguashed in- the1r implemens———-——
tation for satisfying the def1ned po11cy, by whether or not _the
particular act1ons project a focused attent1on upon. -different _
aspects of the prob]em be1ng so]ved or d1fferent ways. of so]v1ng
——the g probTef " In &ither case, the alternat1ves‘?1na||y
select For'fmplementat1on may bevs1ngu1ar Tural (1 §. one or’
more act1ons taken) A further refinement o:£t§§>p1ura1 case, Ties

~in dec1dm$ﬂwhether gach of the plural dec1s1ons require a single-
entry or mu]t1p1e entry- so]ut1on._ - : S e

‘ ..v

The Application

~
B

- In' the management of decline-enroliment,—and-its negative

 effect upon school district funct1on1ng, the wea]th of po]1cy

~alternatives could sustain a p1ann1ng and evaluation staff for

—months. . Thepmu ce. of_t_en__tm&s QMMMLWathe__
~ two a]ternat1ves fac1ng the superwntendent ) However, these are but

v

“the -tips of the 1ceberg, as it were.
The comp]exwty assoc1ated with the not1on of clos1ng a schoo]

Teads the dec1swoner to address the many subsets of such a g]oba]

. - policy endorsement. If a site is to be released, will the school
be mothba]]ed 1eased ors 1d7 If mothba]]ed how soon will the
site be reopened based :

a sh1ft of»the enro.|ment popu]at1on7 -

SN W R P

If the site is to be leased,,who will be prospect1ve Teasees? If .
_ the site is,to sold, what w111 be the cond1t1ons of sale? and wiil

any controls be p]aced upon the type of buyer7 !

Of course, the site might oe retained for instruction, and
other avenues of strategy explored for remediating the negative

96
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“impact due to'decliniqg student enrollme ‘ . For example, a varia-
, tion on the strategy uti]ized'during;tﬁe?Z:ro11ment boom days may
¢ be’ emp]oyed That is, conduct classes during a smaller portion of
the d;y (say, ‘the morning héurs release the kiddies before lunch
fEEr%by eliminating associated expend1tures), and make the’school

, available to other organ1zat1ons dur1ng the afternoon, dur1ng

'norma] bus1ness hours', ‘and at some. feer

<
»

 And then there is the situation where the oecline of -student
enroliments may only affect some se]ected.grade-leve]s, 1so]ated
to a. partxcd]ar grading conf1gurat1on (e.9. K-6, 7-9 and 10-12).
. The reconf1gurat1on of grade-]ocat1ons {say to a K- 5, 7-8 and 9-12)

" might .alse be a most viable alternative in solving several related
problems (e.g. vacancies at one site and over- crowding at another).

<
.

Buf;theo of course, there is the usual poTicy alternative of
doinginothjng'--°simp1e to follow, easy to design,.and best of all,

{

maintains the status quo. -~ . L

’ I=4
At the next level from po]mcy p]ternat1ves, are the action

'a1ternat1ves 'to be evaluated to 1mp1ement the philosophy selected.
For site.closures, the des1gn of a mode] for determ1n1ng action
-"alternatives must of course compare each and every available site
for thent1a1,§Qosure -- the major decisions be1ng how many(?) and
‘which ones (?). For gradlng reconf1gurat1on——each—and—every possible
combination of griding sequences must be exp]ored linked, and
. crossed-examined. That is, considering the potentijal a]ternat1ves
of a K-6,7-9,10-12 sequence, a K-5,7-8,9-12 sequence, and a

K-4,5-8,9-12"Sequence, not only must the individual segments be:
analyzag (i.e. K-6 v. K-5 v. K-4) for particular homogeneous
eurriculumngroupiﬂgs;—but—so—also—must—totel—effeet—over-time—be'
addressed “as q\éo]]ective grouping K-4,5-8,9-12, as an example),

|

in relation. to feeder patterns, long-range forecasting and future
comunity planning (new housing startél/multiafamily dwellings,etc.).

\ ‘ e a‘ : 97 \ .
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kae all. seQuent%‘11y-based processes, the chowce of a policy
aTternat1ve-must bée r1gorous and final. Once-the- pollc1 for- dea11ngM
w1th a prob]em is defined, the full energy of the organ1zat1on must
_then be d1rected towards the 3§s1gn and evaluation of reTated, action
alternatives. As will be dxscussed in the,next chapter, policy
and action a]t@rnatives'may both be evaluated as -"multiplié" in'
-nature\?and have the ability to be cr1ter1on referenced and modeled.
However, the dec1s1on-maker must hever ]ose sight of ‘thé need for
~——-SJmu 1KeLy—mnpae¢-£rom—e+%her—a—poi+ey—or—act4on deeqs4en—-¥—————
and yn this way, be able to revert posture and change course if - '
an unforeseen negat1ve effect to the’ system becomes visible.

-,

-

) | B
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SINGLE- V. MULTIPLE-ENTRY SOLUTIONS

4 \ The conceptual d1fference betweeg a closing or not c]os;ng a

- ;partlcular school, and the notion of how many will be required for .
d1os1ng, and which ones -- 1]1ustrates the common m1sunderstand1ng
on the part -of evaluators and dec1swoners regard1ng the potent1a1
of mode]1ng in the mNtiple alternatives environment.  No one or
single decision exists 1n-1solat1on-from_the full spectrqm of the
'organization‘--'nor from the impact'reléted to other coterminous
décisfonsﬂ@eing made. Communication specialists in their organiia-=:
tional development mode]s during the late 1960 s, demanded renewed
efforts for lncreased commun1cat10n between and among the structure

of the organ1zat10n. No less 1mportant is such communication to
the des1gn and execut}on of a cr1ter1on-referenced decws10n1ng

Y

The Issue - \ | |
54ngLe-entry—aet%ons—suggest—a—*s1ng1e*~response—#s—satwsfac~—~—————ﬁ
" tory for addressing a particular issue or problem. This type of -

t
alternative is plural in the’sense that several 'singular' solu-

1

tjons’may be required td provide a one-to-one responsefto the
several problem areas related to the'stratebic policy involved.

What resu]ts in the f1na1 choice of a particular action then, is [, »

one and only one actionito be taken in the solution ef each pdr-
o t3culéE;problém;jdentjf;ed) Combinatiﬁns\qﬁ\sing]e_entry actions— - -

“or solutions would exist. on1y in as_ much as the several pr0b1ems

[ VIEUOVE SIS RSS2 U VU U AU S, e

leng addressed were in some way re]ated .

Mu]t1p1e entry act1ons or so]ut1ons in response to the .mp]e-

- mentation of: adopted po]1c§khowever suggest” that a combination of
act1ons are requ1red An or

5 to successfu]y remédiate_the prob]emQ

. .
. T . ’ &
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area~inV01ved Typica]]y, a multiple-entry setting'addresses the

area of decls1oﬁ1nqde11ng, wherein, some set of 'all possible

dec1s1ons‘ must be ana]yzed, and the dua] deC1s1ons of "how many" é

and "which ones" be finalized. The partlcular d#ficulties asso--
~-¢iated w1th ‘multiple= entry so]ut1on fonmulat1on Tie wwthln the

: dynam1c re]at1onsh1p between these 1nteract1ve questlons of size - !

. and membersh1p The saze of the f1na] so]ut1on Set (that is, the - ff
number of a]ternatlve\‘ct1ons requ1red to meet policy, obJect1ves) "
: obv1ous]y depends upon the choice of act1ons to become members of . -
«»that ‘same so]ut1on set The chp1ce of some 1nd1v1dua1 so]utlons L .

may requ1re a mucﬁ\ sma]]er' set of ﬁct1ons necessary for
1mp1ementat1on, as re]ated to a sma]]er ,5et of other act1ons wh1ch
t will "do the JOb" Just as, sat1sfactor11y as the 1arger-membersh1p
i set, S . : = ' Je  m '

e . : . \ S .

Ihe—soph%st+eat}en—%nherent—wmthrn -multiples

# B - ,' _.."A\“ [Ep— -~
_ determxnat1on 1s best . understood in the requ1red 'dynam1c' power of .

- the selectign:’ strategy. Slnce in effech a]i‘poss1b1e comb1nat.ons
“and permutatlons 5?’potent1a] solutions

act1ons) must be’ ana]yzed
! s1tuat1on of Just three potent1a1 alternativyes mlght require .

se aty : .nat1ves—wou]d—need'15 eva]uat1ons, and fb
f_f1ve potent1a] solutions a tota] of 29 assessments Typ1cal c»r-
cumstances have been found to a511y 1ncorporate 32 poss1b1e,;

M,.mu1t1p1e ehtry membershwps (Who ben, 1980a) and 41 pdtential mem-
|_bersh1ps (Who]eben and Su111van, 1981) . Indeed, it 1s we]] w1th1n

» the realm of reasonab]e imagination that s1tuat1ons of*severa]

hundred ‘potentiai a]ternat1ves for mu1t1p1e-entry compar1sons be .

'requ1red Such est1mates 1ncrease exponentwa]]y as -the dec1s1oner "

lTuate both the pos1t1ve benef1ts as we]] as the negat1ve by-.
»
products 9{ the var1ousta1ternat1ves, andﬂthelr.comb1natedxpotency——————

\
D

-

.
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Since it is eas3ly accepted in tne modelfng of schools for

.potential C]OSJre, that the choice of one school could Jnadvertently
'save' a nelghborlng school due to, the influx of student transfers
from the cTosed” site -- the realm of a multipTe a]ternatlves,
_school closure mode] demonstrates the effect one member of ‘the
so]utlon set can have upon another potent1a1 member fory that same
set.” The 1ssye of single v. multiple entry solutions is not re-

- served for.the setting of policy v. actlon a]ternatlves ana]ysws
alone. Indeed, a school closure model cou%d result in the c]osure
of one site only, and therefore be an example itself (adthough not

- a good one) of a 'defected' single-entry modeling episode. - -

A better and more uti]izab]e'setting'for single/multiple issue
and its application within decisional mode]ing, lies within the
‘area of curricu]um activity packaging, or general goals/objectives

‘ packaging (Wholeben, 1980b). 1In a overly simplified example, '
consider the decfsion to be made between instructing either concept :
A or concept B -- obviously, a sing]e-entry decision; and let us
further assume no other concepts are to be comparative]y evaluated.
Each concept of course,‘consists of a numoer of instructional
objectives necessary to bring about the desired level of conceotual
learning involved. But of course, each of the multitude of these

- goals and objectives have also associated with them a series of
instructional, classroom (or homework) related actjvites whlch if
executed, will bring about satisfaction of the goa] or objectijve;

‘and when all goa]s/obJectwves are satisfled the singular concept S
satisfied as well.

Consider‘this problem: to determine whether concept A Will be
implemented to the exclusion of concept B, or vice-versa; and
determining which objectives will be utilized to determine such a
decision (where'not4a11'objectiveé'willvbe allowed execution); and:
furthermore, which activities will be utilized to determine which )

"objectives will be executed to determine which concept will be '
Aflna]]y decisioned. -Complex enough?
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While the choige of concepts is obviousiy a single-entry
hatter, the potential grouping characteristics of. the objectives
at one 1eve1, and the actiVities at” another 1eve1, iiiustrate the
impact 1ower ordered mu]tiple-entry'deGJSions will have upon a
higher-order-single-entry decision. ‘It is not at°a11 trite to
state: that one does not decide first the actibities, then the
objectives, and finally the concept -~ for such is the ingredients
of an.irrelevant and therefore invalid decision. In truth, the
‘model must not evaluate the potential of the activities in.various
groupings, but also ,the objectives in various higher-order groupings.
Thus, differential objective groupings will hold differential
activity groupings, and all pptentia] jmpacts of all potential
combinations (or even permutations) must be evaluated for worth -
exciting, is it not? As we will see in the next section regarding
interactive effects, some 'more va]ued' activities may be discarded
due to their inability to 'mix optimally with other activities.

For a more interestihg and not-so-oversimp]ified example, the
discerning reader is directed to the discussion of the decisional
model for evaluating computer-assisted/computer-managed Q |
instructional objectives ‘across multiple micro-computer hardware
and software packages -- arriving at the best instructional package

-~ in chapter eleven.
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The contrd% of multiple a]ternatlves decisijon-making is?itself,
a doub]e sighted context;_ that is, choosing between mu]E;:jS alter-
natlves, evaluated across_ competlng criteria, and -choos?

etween
individual and co]]ectﬁve criterion impacts, resu]tlng from the
various mu]tlple'alternatlves. Decisional modellng must préﬁlde .
for a strict visipility of criterion impact, both singu]ar]y as _;/iﬁ
well as collectively. Without.such conscious control, an alterna- ‘
tive with high positive criterion measures gn a number of variables

can arithmetically 'cancel’ the negative effeck of other“Variables

as the model evaluates the criterion measures. )

The Issue

Mode]ing as. a useful strategy for eva]uating the potential
benefi¥s and/or shortcomlngs of a set of different solution a]ter—
natives must depend upon the various criteria which have been
se]ected and identified to provide understandable- ‘measures of such,
benefit or loss. While it is easy to understand the competitive-

_ness within the set of potential alternatives to seek membership
within the final.solution set (defining how many and which ones),
it is also as apparent to perceive the parallel competing rela-
“tionships found within the set of.criterion references utilized to
measure each a]ternatwve S contributlon to system impact, and the
various combinatorial permutates which result by varying solution
' set memberships.

The most accepted form for displaying multiple a]ternatxve
actions across compet1ng criterion references is the decision
matrix, where alternative so]utlons are 1dent1r1ed across the top

. qf the matrix as columns, and criteria down the Teftside of the




" same matrix/:; rows. This simp]e'z-dimensional design s suf-
ficient for the single-entry éasé\diécussed in the prev%ous
section. By'imposiﬁg the,possibi]ity of mu]tﬁp]e-entry so]utiohs
upon the matrix, and Further'statiﬁg that the solution set will
‘-comprise a total, of k-action alternatives, the matrix becomes a

' 3-dimensional figure, with height defined-by membership. However
to take.this analogy one step further, the potential of varying
membership size %orces the addition of a fourth dimension, beyond
the visual uﬁbersténding of the average person. It ~s in this cdn-
text of 4;diménsiona1 modeling, that the realm of"multiplefa]ter-
» nativeé‘ana]ysis', and its related dependence upon interactive-

- effects modeling exist. . ' ~ '

-

» . - v -

) a To understand interactivq-effects, one has to first comprehenql
~its counterpart, main-effectsimode]ing -- and the basal differences
between'the two. First, it-¥%?important>to note, that main-effects
mode]ing.ddés not présuppose a single-entry decisioning context
only. Majin-effects modeling defines a procedure for eva]uating‘
potential solutions only in their confribution to a single com-. '
6osité measure of system impact. Each potential action would form
a linear combﬁnation of stated criterion impact (e.g. ‘add '

- 'positive benefits' and then subtract the 'negative by-products'),
and result in a single measure of potentia]‘fo} that particu]ar .
action's “influence in solving the prpb]em at hand. Left re]ative]y;
uncontro]]éd, are the effects to the system as a whqﬂe of the otheF“
potential alternative solutions being considered. In the singular
alternatives case, wheré one and only one solution alternative will
bé chosen, this is not considered to be a maYor shortcomihg. In

the multiple alternativés case however, where the solution set mem- »,*

bership (size) is dynaﬁica]]y determined by the strengths and
weaknesses associated with the particular combinations and per-
mutations of the alternatives being evaluated, majn-effects
modeling strateg{éﬁkare a serious compromise to solution validity
and -modeling veliablility. ' A

log



_ Interactive-effects modeling satisfies tﬁeJdual needs igr'y
measuring (contrplling) both individua$ﬁaﬂd collective contribu-
. tions of the multiple-entry solution to the def ingd system1c
prob]e;\‘ Not only can. the varlablllty introduced by vanying sb]u-' N
tion set memberships and sizés be analyzed and evaluated, but '
moreover can ‘the dynamic 1mpacts of 'the jdentified post1ve and
negatlve inftlences - ‘to the system as a whole be mon1tored and _
wcontroHe These collective influénces to the: system, dependent
upon the composition of the solution set, a]low not only the poten-
tial aIte}native actioné to be competitive, but ?150 permit the |
various criterion references defining impact to be likewise com-
, petitive in assuring,.that the final sblution set membership con-
' afovms to the pre-established norms of the policy (philosophy) of
the system --a prev1ous mode11ng decws1on ' I

i

S

The Application

The process of selecting a micro-computer system for a school
or district office is not‘%s easy as reading the brochures, and
. then buying what your neighboring school bbught (anyway). The
're]evant potential of a computer system wwthwn the educational
environment -- for the full range of adm1n1strat1ve, instructional
and evaluative data processing options -- is trdly infinite.

Consider a situation in which a number of instructional goals
have been identified as being most amenable to presentation and’
~drill via a computerized system. Assume also that a number of
administrative goals have also been deélineated, in which many of
the student record keeping, budgetary accountimg, and inventory
control functions of .the' main office could be facilitated by some.
form of data brocessing system. Clearly, many usable systems do
exist on the market ranging from the familiar TRS-80 and APPLE
models to the less familiar 0SI and HEATH sets. A variety of

los
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options eXist for each of the particuiar models_or systems and

- a equa]]y diverse number of integral periphera1s are likewise

available to comp]ement ‘and exponentia]]y upgrade any base format,
systems. ' The questions. become: ‘how to re]ated the various ~
instructional and curricu]ar components to the various software,

“and then to the hardware system compatible\With the desired and
usable software; and, how to design an instructional system tota]iy v

compatible with Ehe administrative requirements for a.database
manager. . o S o :
Whiie,chabter 11 deals with this issue in‘éreater specificity,
it is aﬁpropriate to examine sohe of the criterion references which
might be utilized to perform some a high -level comparative analysis
between administrative and instructional obJectives, and their !

~ appropriate satisfaction through‘the;purchase of related hardware

and software.

~
L .

Generally, it is obvious that some degree of measure will be
required concerning such generic criterion references_as_need,

'i demand"performance, effectiveness, efficiency and satisfaction --
notWithstanding ‘the ultimate cr}teria, cost and availability. In

addition, different views from diverse populations. will be reqUired
in order to survey and understand opposing opinion structures. '
Therefore, it is Tikely that measures of opinion concerningithe
need, demand, effectiveness, satisfaction, etc. for various items
will be fdrthcoming from administrators, teachers, students, and
quite'possib]y parents as wef], In addition, it is further likely,
that some items will be arithmetically differenced in order to not
only measure the degree of opinion, but also the degree of consis-

. tency between potential user groups. Thus, teacher v. student,

teacher v. administrator, student v. parent, and so forth must be
criterion modeled in order to denote a measure of consistency, or
more apRrOpriately, potentijal future confiict of interest and need.

< f
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'The seasoned ‘evaluator and decision- maker realizes that no ‘one
a]ternat1ve mix between alternative ob3ect1yes,,hardware and soft-
ware- will be. perfect]y acceptab]e to all needs and demands 1nvo]ved
‘Therefore, a greater degree of closeness: between the adm1n1strator
parent op1n1ons may be seen as 1mportant as ~a h1gh degree of con—
sistency between teacher and student views. “Even if the teachers
and students do not rate a particular software package in science
as the highest in qua11ty -- as }png as their. measures are at Teast.
acceptab]e, it may be better -to choose the package on which thexr
opinions were most a11ke. However the comb1nations of - obJect1ves
and software matih-ups are numerous, and' d1fferent comb1nat1ons or
permutataons wil a]ter the final cr1ter1on measure of consistency.
To choose the best match of obJect1ves, haraware and software, the
 model must keep track of the level of cons1stency (in th1s(examp1e)
the limit of cons1stency required and the minimum of s1ngu1ar
acceptab111ty.for each software item individually, and of course
the membership'of the particular grouping which best illustrates
the highest degree of consistency possible. ‘

vThe'usefulness of such a model obviously, is in the promulgation

of the above control on/consistency, while also choosing the best,
_ possible system within .district (or bui]ding) expenditure Timits.

- The mode11ng of 1nteract1ve-effects 1s one of the paramount
strengths of the mu1t1p1e alternatives mode11ng technique. While

it w111 control the se]ect1on of any part1cu1ar alternative based -
upon that alternative’ s cr1ter1on ‘measures, thé model w111 further-
more contro] for total impact upon the system, in terms of the full-
»1'Jmembersh1p of the so]ut1on set dec1s1oned ‘
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MUTUAL-EXCLUSIVENESS IN MODEL PLANNING

- . ot
0

In model building, alternatives should be both separate and
_ inbependent in terms of their identificatioh-dnd definition --
.;that is, be mut al exclusive of other a]ternat1ves W1thout th1s
contrdT upon the formu]at1on of ‘alternative courses. of act10n, the
: comparat1ve eva]uatpoéﬁof alternatives would be p1tt1ng some’ alter-
' nat1ves against themse vds -- somewhat useless -- but certa1n1y )
..confoundmng to “the measures of the various cr1ter1a involved. The
, p1tfa11s of non- mutua]]y exc]uswve criteria- --*somet1mes known as
multi-collinear we1ght7ng -- . will also provide a b1as to the mode]
which mayﬁyehyniptendedﬁxorfif‘intended,/Epﬂrpfessional. e

The Issue’ h
‘ v .
* The modeling of po]icy.e]ternatives, whether in the higher-
‘order situation of determining general direction or philosophy or
in the lower-~%rder context of. determ1n1ng specific actions in-
satisfying the determined ph1]osoph1es, requires attention be g1ven
~ to the degree of dwst1nct1veness or indepéndence between each of
the a]ternaémves be1ng evaluated. It is obv1ous” that the modeling -
-.of very similar po]1c1es wou]d be’a waste of t1me --assuming of |
course, that this degree of s1m1lar1ty was acknow]edged pr1or to
the eva]uat1on of alternatives. This questwon of s1m11ar1ty refers
to the concept of mutual-exclusivity regarding the'constructyon of

alternatives, and the re]ated jmpact upon the decfsfoning model.

The idea of economy in mode]ihg é]ternatives is somewhatfihno;
cudus when discussing the similarity between alternative policies
or 1mp]ementat10n actions. HdWever, the degree of collinearity ‘
between criterion references can poteqt1a]]y have a demonstrative

. effect upon the_mode]wng process, and the solution resulting. For
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| examp]e, if the modeling framework eva]uatwng tne a]ternat1ves does
not Control for the existence of muT -cq}]xnearlty between cri-
¥d used in assessing the valué of those various a]ternatwves, °
the potent1a1 for "stackwng" the: mode] i present -= that‘gs, . \
1ntroduc1ng re]atwve 1dént1ca1 cr1ter10n referenced measures and
thereby wexght ng' the T1ke]1hood of partwcu]ar alternatives in
becomwng members of the final solution set. Such weighting of "out-

come could vawousiy ‘be by accwdent or mpre 1mportant1y‘ by -
design. '

a

The concept of mutual-exclusiveness ip modet planning is thus‘\'
related to both alternatives construction|and criterion reference \A
uti]ization,.,ﬂverlap in the design oF,aIternatiyes provide§'an.: -

_.unnecessary burden for the model during its'subsequent'eva]uat%on‘

" mode, but is not necessarily compromising|to tbe'results of the:
so]dtion process. The. degree of similarity between a]ternatwve

,policies or actions is governed by the desire of the mode] bu11der
to design a 'clean’ representatwon of . the| various philosophical or
action-oriented alternatives; and_by the degree of 'clear!
understanding of the problem at hand, in [the mind of the mode]
builder.  However, overlap ‘with regard t cr1ter1a 1nc1uswon in the
assessment process can be a method for b ov1d1ng h1gh probability
of a particular alternative's final memb rship within the solution
set. L

The Application i.' : e

The modeling of schools for potential closure is a fundamentai
example of evaluating mutual-exclusive alternatijves. A]though the
fate of some sites may be inextricably linked-to the future of
another site, this linkage is usually- criterion related, and not
a)¥unct10n of a 1:1 correspondence between a]ternatwves. Exceptwons
tovth1s,ru1e may exist however, such as a vocational/technical site

1
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- related to a high school -- but these are special cases easily’
.modeled.: |

-

Regahding‘a1ternative§ and théir mutual-exclusivity, the major

_problem lies in curriculum eva]uatwon;;where various instructional

act1v1t1es may possess the jdential criterion measures across all

-crxterwa (or at least, have been measured that way). Such 'toss-

up' alternative so1ut10ns can be controlled via what we will come
to understand as the "obJect1ve function" vector within the e
multiple a]ternatwves mode] The multiple’ alternatives ana]ysws
framework w111 accomodate such jdentical criterion vectors; but®
the membershwp (if it estts) within the solution set can be only
considered by chence ‘The.thue problemfdf course -is -whether or not
the two (or more)lelternatives in ‘question in.essence perform the
jdentical same functibn,fiﬂe. duplication. The model is not con-
cerned with suth potential of duplicity (although' it can be pro-

‘grammed to do so), and could unwittingly select both alternatives

as members of the solution set. Such a problem is ever existent
within the assessment of curriculum activities and objectives; and
must. be guarded against for ‘the sake of time eff1c1e/py and the
duplication of expendwtures. - L

Regarding crwtermon measures, the best examp]e of a conscwous
effort to reduce any form of duplication (or multi- co]]wnear1ty)
exists in the process Used to determine the final criterion set ...

for determining sehool closures (Wholeben, 198pa).
Using sources;which ranged from business and industry, through
past attempts at developing main effects models for site evaluation,

to the opinions and desires of key community and school personnel --.

.a set of 62 criterion measures were decreased to a final collection

of 24 measures utilizing such statistical techniques as factor
analysis and analysis of variance. Criteria were excluded from use -
within the_fina] closure model if they duplicated an already included

1lo .
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measure from another supposed]y unre]atedl cr1ter10n, or :if they
_'tended to be segregated to a partxcu]ar kind of sxte wh1ch was
- a pr10r1 determined not to be- utilized as a crxterlon reference.

By 1nsur1ng mutual exc]uswity w1th1n cr1ter10n references, not
~orly was potentijal duplication of critetia avoxded but ‘also was the

use qQf unwanted biasing sources precluded.

5N

For a ;ore technical and manual-oriented presentation concerning

the contro] of mutua] exc]usxv1ty in a]ternatxves, the reader is

' d1rected not to sk1p read1ng the final seétion of ehapter five, _
B concerning the use of tautological inference vectors. Regardxng L
‘the use of statistical procedures to hé?b“dé%E#&?ﬁE tne degree ofux_s.
-mutual-exclusiveness in criterion measures, the reader is d1rected

to study carefu]]y the contents of chapter nine.
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COLLECTIVENESS-EXHAUSTIVENESS IN MODEL PLANNING
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Contro]]ed system tota11ty and cr1terIoﬁFrepresentatwveness are
“the goa]s of co]]ectwve exhaustwthy regardmng the pre]mmhnary
planning for model Hes1gn and construct10n Ip measure. total sys-
‘‘‘‘‘ £én 1mpact,<dfi dec151onal units must be model regard]ess of -their
| potential. for 1nc[gSIon within the final solution set. Swm1]ar1y,
‘_the effect of a particular cr1ter10n reference can not be detected

unless it was mode]ed within the original dec1s1on1ng process.

Y

* While the concept of mutua] exclusiveness focused ma1n1y ‘upon
1ndependence«and overlap between both the a]ternatlves under
1nvestIgat10n, and among the var10us criterion’ references utIIized .
in the evaluation of those a]ternat1ves -- the idea of: co]]ect1ve-
exhaustiveness’ is concerned primarily w1th the tota11ty of the

- system be1ng analyzed, and the un1versa11ty of those 1mpacts attrIv
butab]e to that»system.

The co]]ective exhaustivity based upon the a]ternatives to be
modeled, illustrates the need of a .modeling system to* address two
paramount concerns. .First, the alternatives must in fact descr1be
every\conceivab]e‘potent1a] po]1cy or action which has some degree
of expectancy associated with the context being analyzed. It , T

_should be noted, that satisfaction of this need for including etery ;*fé
possible alternative, may Tead to the vfo]ation of the mutua]i
exclusiveness or relatedness between two or more individual
alternatives. This should not be considered a detriment-to.the
,modeT, A reliable rule-of-thumb is to exc]ude'only.those alter-.
natives which do not demonstrate a different criterion measure on
at Teast one criterion variable. Secondly,: this need to descrioe“

i
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all possible so]ut1ons 1ncorporates the not1on that system. 1ﬁpac¢
can not be-accurately measured w1thout including all potent1a1
measures within the systemic mode]1ng procedure. For examp]e, a
particular dec1s1on1ng a]ternat1ve may not be a candidate for the
solution set (due to po]ltlcal, social, economic or religious °
reasons) -- yet it is reasonable that_ltsm_preclusqonu~shou+d be-
-mode]ed in order to attrlbute its exclusion from the measure of——

- tota] system impact. L1kew1se, a particular decisioning alter-
native may be defined as necessary for inclusion regardless of the
'“measures of.1ts-cr}ter1a--a—and therefore, it Tegislated inclusion
to the total system jmpact - as measuged by cr1ter1a must be

controlled.

7 .
While co]1ect1ve-exhaust1veness is concerned pr1mar1ly with

'control]xng for total solution likelihood and tota] system jmpact,
respect1ve1y, in addreSSTng the area of constructing alternatives
for evaluation -- the concern for the co]]ectwve exhaustLveness in -
defining criterion references is Just as 1mportant to the model
planning process. With criteria, all poss1b1evreferences must be
‘decided'and included within the model, to totally assess each
a]ternat1ve S 1nd1v1dua] contrlbut1on to the system impact via its
jnclusion or exclusion within the solution set; and to assess the
:7collect1ve contrmbutlon _resulting from the ‘modeling. of a mu]t1p1e-rr;_”m
'alternatayes and/or mu]txp]e-entry SO]UtIOﬂ .context. A]] possible
criteria which are v1ewed to have a potent1a1 1mpact upon the final
solutien set generated must. be 1nc1uded within the mode]1qg
framework. Selective exc]us1on will have the same effect as.
. 1nc1uded multiple measures of the same cr1terlon measure for
wewght1ng purposes (as discussed above)

)
The Application

One of the maJor errors in eva]uat1ng schools for c]osure}
dur1ng the past few years, has been the conSC1ous exclusion of

!
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“sites,which will not be closed "no matter what". . Suchﬂa decision.

c is a]mdst a]ways po1itica1 “and spmetlmes even va11d ~ The problem L

stems from the exc]us1on of the sxte from comparISoﬂ w1th other .
bu1ld1ngs suscept}ble to se]ect1on - and thus the uncdnsc1qus"
exclusion of the privileged site's cr1ter1on measures from be1ng

———ut++%zed~%n—the~f}na4vsystem-wwde—ﬂmpact-composfte:7"{n~th1s«-~~~m~4&¥ 2

s1tuat10n the final measure of‘system impact in not. presentat1ve

" of the total system; and is therefbre erroneous,_,Moﬁéfs can be

. designed to include a priui]egedfsite's measures within_the final
decfsioning'process;_and yet »tautologically excfude that same site"

from the final so]ution-set_(schools for c]osure). . “J Vo

LN L 'S

b . . @4(" -

' Co]]ectlve exhaust1veness with respect to cr1ter10n references'
howexer is a much more d1ff1cu]t -issue to mon1tor and control.
The "experienced evaluatbr can we11 remember the mu]t1tude of tlmes
the quest10n has been asked "Have all thegnecessary cr1ter1on '
references to make an 1nf0rmed decision been 1nc]uded?“° “and the»

’ equa] number of t1mes, crossed f1ngers beh1nd back the rep]y was,:
YAl (I hope)z" Only time, communication’ and openness can prbv1de
the necessary setting for,dfscoyering.'af] re]evant' references.

. The necessitf‘for fuflucrfterion repreSentation isfpest;illus-
‘trated in the area of fiscal modeiing for"determining'program :
budgetary roll-backs. Defining the total system 1mpact as those

composites wh1ch 519n1fy effects upon ‘the varmdus obJect ’
expenditure categor1es (sa]ar1es, benefjts, equipments, capital‘
outlay, etc.), ‘the final solution of the budgetary~cutbachs can
be-mode]edfand/or monitored via examination'of the final object,
sums. For example, if the reduction of equipment expendjtures:-

- is considered_to_be'of primary importaqpe,'program with high need7

for ‘equipment purchaSes will be of:weighted preference for inclu-
sion within the final so]ut1on set. In the same ve1n, if ‘a. goal

A

exists to decrease sa]arles by some x-percent the final configura-

' tion of the so]ut1on set will allow a d1rect reference to that
part1cu1ar goal. - B

~-,.-.

‘)



Thus, the concept of co]]ectlve exhaustlveness represents a

def ined need to not only mode] the full system as it exists, but

K a]so to- assure all criterion measures des1red w1th1n the final _
';'dec1s1ona1 process are present WIthout such carefu] preparation,:

-1measures of 1nd1v1dua1 as wel} as co]]ect1ve system 1mpact is o
meposs1b]e. o T e

s
. .
<‘ a
T " o, L
= -
.07
; [
Q-
. 4 s .
. “a
. * vy
. 2 : :
-7 P
. .
g
I
& N o -
v » ) . ,,9
- R
. . L % A
e D e - 3
- B . . T ] LS M
’ PR P N
!’ ¥ I N E— . !
e e,
. ST, » .
T B Lot L td bt v
e 9
. . ) :
[ ¢ g 2.
- P
. 5
.
. . B
Wer s .
" l.
v Y
- 14
. N l‘ N :
. v
2 K A . a
U Vo o o ,
. 115 -
M
P o o o
2 L ?7
A N
v
~ o
v
. R ): .
; O =
W '4). -
- L
w4
M S
3
Q o . . -

ERIC

Aruitoxt provided by Eic:



INDIVIDUALTZED V. COLLECTIVE SYSTEM IMPACT.

Individualized system impact refers to.those_criterion referénces
which represent a particu]akfa]ternatiVe's worth to the solution
set, and to the system. Collective impéct is a cbmposite of all
solution set members, and anmembers -- signifying the benefit of
the arrived-at solution to the system as a whole, and the remaining
- system functioning level. ‘ | |

The Issue Ty

‘; As might be hypothesized, main-effects modeling within the
singulér-a]ternatives' context provides the simplext of all pdﬁicy
_(or actibn) ﬁode]ing,situations. The concept of éva]uating policy
alternatives for variable utility is often conducted in a setting
of multiple alternatives (or mu]tip]e-entry,solutionsf,‘and the ’
resulting reliance upon interactive-effects modeling strategies. |
Each a]fernﬁtiye'sfindividua]ized contribution to the system, as
defined by the measdre(é) associated with each criterion reference,
can easily be'recognized. “Usually, each alternative will possess.
simultaneous measures of both positive benefit and negative.impact
to the system as a whole, dependent upon which of the particular
references are being evaluated. By establishing certain limits on .
the 'accéptébi]ity' of levels of such measurement, alternatives can
often be excluded from further consideration as a potential solu-
tion -- that s, having failed a particular criterion ‘test. Policy
~ decision-making in reality however, is hérd]y that absolute.

Realism, and the belief in the fact that there are really no
‘perfect’ solutions, will lead the decision-maker to understand the -
neegzto'accepfithe bad along with the good. If one looks long and
hard enough, eéth and every potential alternative will have some

¢ . '
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? criterjon associated with it's impact to the system, that will be
'Tess than~acceptab]e'-to the modeler and the system. Therefore,
any modeling context must look to the ‘big picture', and understand
the total impact to the system as ‘a’ who]e -- . that" is, the-measure
of co]]ectwve system impact.

No where-is this mere important, than;withih the multiple-
‘alternatives context. Understanding that no one solution will
work, a co]]ection of potential solutions is ana]yzed until the
resu]twng 'set' ‘defines an acceptable solution to the problem at
hand. That 1s, a group of alternatives will collectively provide
the combined impact necessary in order to effect the solution
required or desired. The mode]1ng scheme uti]wzed to guide the .
deve]opment of a final solution set, must therefore provide for the
control of such co]]ectmve impact; and must moreover allow the

necessary comp1]at10n of a]ternatwves 1n seeking a co]]ectwve
effect.

The Appiication

Analogous to the creation of a subscale on a psychological
battery via the incorporation of_thevresponses to several jtems,
the use of a multiple -alternatives analysis framework as a’survey
questionnaire generatof.has-been studied. From a pool of’ several
hundred potential items, various items (or. questions) can be
selected as part of a survey questionnaire based upon certain pre-
ordained needs or demands of the individua] requiring the surVey »
instrument. In this circumstance, viewing each ijtem's contribution
to a fiha] "subscale" composite, and the total composite contribu-
tibn to the system as a whole -- is directed comparable to any of

the mode]s prevwous]y d1scussed within thws chapter.

P A
FRTY

v"5!‘5“-:’?1-’?%'51’n fhe itemization version of the multiple alternatives
modeling framework, critérion references are related to the ‘degree
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to which an item has been found to represent a particular view or
response to a specific subject; and represents the item's contri-
bution to a 'survey subscale'. Accordingly, the contribution of
each of these 'subscales' to the final instrument created by the
grouping of these items represents the total instrument's contri-
bution to the construct (or constructs) desired to be surveyed.

ATl multiple alternatives models -- whether policy or action
alternative oriented -- possess the capability of controlling and/
or mon1t0r1ng/both individualized and collective system impact,
based upon the solution set constructed In the school closure
model, this is related to assuring that the schpo]s remaining open
contain enough seating capdcity to accomodate chrrent enro]]ment
levels. In the budgetary roll-back model, program budgets are de-
allocated in order to meet the requirements of a specjfic, dollar
reduction in revenue. In the selection of a micro-computerized

- system for both 1nstruct10na] and administrative obJect1ves, it is

the st1pu1at10n that one and only one System can be purchased --
and that this system must ‘be the best in terms of maximally satis-

fying the prestated objectives.

It réﬁaips these ideas of 'best' and 'max{mal"which,a decision
model must somehow bperatiéna]ize in its systematic pursuit of a

'successful remediation strategy.

lls
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OPTIMIZATION OF SYSTEM IMPACT

To make the best decision possible without creating new problems,
or more realistically without creating new prob]ems more difficult &
than the initial ones being solved, is the goal of the decisional
scientist. .Oftentimes; the best decision does ndt,seem to bring H
re]ief'td the system, only to redistribute the hegative impacts-
somewhat. The model can not solve the problem; it “can only in
essence display the relative merits of a solution it derives from
evaluating the alternatijve options input to the model, based upon
the criterion measures describing those obti%ns.

) \
' AN

' Acceptind the negative aspects of ‘a solution along with its
postive effects, is a key cencept within the decisioning modeling.
of policy alternatives; and is referred to-as systemic optimality.
‘Basically, the model .is designed to adopt a‘specific solution set "
membersh1p, based upon the criterion measures def1n1ng the range. of

Ihe IsSue

alternatijves included within the mode], in such a manner that,
positive impact to the system as a who]e ts max1m1zed, and negative
by-products based upon that same so]ut1on minimized. The extent to
which the system wwl] be allowed to assume negative impact is based
upon the model's imposed Timits for collective negat1ve effect to.
the system as a whole (discussed w1th1n the previous sect1on)

Once again, the mode]er must rely upon the conceptua] framework of B
the decisjon matr1x. ’

‘ With a matrix speeifying individual alternative's perFormance
“across all criterion references, any combination of a]terhative
| solutions may be co]]ectively viewed as tb'their collective ihpact
=j;to the system as a'whole. The initial modeling context is able to
.
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further specify the lavel of positive impact which must be attained
or surpassed (i.e.‘maximization); and denote the 1e9e1 of negative
effect which will be tolerated as a limit (i.e. minimiidtﬁon).
Such dua] demands of maximizing positive impact and minimizing
negative effect is known as defining thé feasibility region within
which the potential decision(s) reside; and therefore constrain the
model's search for a 'best of all' solution to the defined problem.

The best solution (mu]tip]e:entry or otherwise) will be one
whwch initially does not vwolate any of the constraints placed upon
the feas1b1]1ty region; and whwch subsequently provwdes the hwghest
pos1t1ve (or lowest negatwve) impact to the system, as measured by

'*%.some one or more optimizing criterwon references. This is called -

cyc]wc optwmwzatIOn, or the’ cyc]ing 6f varjous demands through the
‘model, and the” ré]ated observation of how such differing demands
influence the variable deve]opment of different po]wcy
alternatives. The final, or optimal solution thus portrays a reme-
diation strategy which not only assures strict adherence to intro-
" duced criterion measures .and their limits, but” ayap provides the

- best mix of alternatives ‘which.coTlectively meet the overall
demands: of the system modeled.

The App]ieation

,‘) .
A so]utwon is optwma] insofar as its represents the best m1x
of cr1ter10n measures utilized in describing that same so]utlon.
The multiple alternatives setting is the clearest example of the

' tonstructs underlying solution optimality ‘and integrity.

The 24 criterion measures which were uti]iied to determine the
.solution set for site closures, controlled not only individqé]ized
impact to the solution but also co]]ective'effeCt to the system as
a whole. Of these.meesures; 18 were designed to demonstrate a
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positive, desireable impact to the system -- and thus wefe |
maximized (e.g. area of the school, current enrollment, history of
survival percentages, proximity of enrollees to the site, number of
minorities, availab]eﬁc]assrooms, and- physical characterijstics in
ratio to utility consumption and expendijtures). The remainihg 16
-measures were construed to be negative in scope, and were therefore
,minimiied (e.g. student residence overlap between attendance areas,
site overlap between nelghborwng schools, site ag@)

: Using these criterion measures as defined above,. the schBo]
c]osuﬁelmodel was designed so as toffemonstrate a solution set

_ whichfwould impact the system (district) as described; that s,
close schools with smaller areas, history of survwva] non=-
retention, and so forth -- “and’ thereby keep schoo]s with larger
‘capacity for enrol Iments ShlftS, closer student regj dence proximity,
and so forth. With this model, 24 individual solution sets were
designed .in such a fashion,‘that giVen the model as controllied by
the 24 references inpbt, each ciriterion reference;in‘turn.was*given
status as guiding the development of the solution -- that is, given
the weight of maximizing or minimizing varjous positive or negative
impacts, respectively. In this Way, each separate criterion was |
afforded 'fair advantage' in guiding 'the model to seTecting the
best-mix solution of schools to close (both number and name); and

" each solution set was compared for~ conswstency across all 1terat1§ns
.0f the modeling execution.

“To optimize all criterion measures in shch a way as‘tb-construct,
the best, possible solution set, is the ultimate goal of the
multiple alternetives'modelx However, it again must be recognized,
that the best solution may'not represent. all of the individual
criterion impacts desired by the initial modeling design. ‘
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PREFERENCE AND TRADE-OFF CONTINGENCIES

L

~ Since decisjon-making is often a form of collective bargaining
and personal arbitration, it is relevant for a decisioning model to
contain features of such selective compromise._ A11 decisioning
contains criterion re]ated ingredients of preference -- that is,
for the final so]utlon set to manifest particu]ar, desireable
qua11t1es. Equally relevant then, is the need to incorporate the
ability to 'trade-off' certain virtues in order to arrive at a
solution for benefiting the system as a whole.

-

- The Issue
In planning ‘and designing a mode]ing strategy for eva]uéiﬁng
policy alternatives, the modeT building must be willing to accept
~'Tess than norma11y'acceptable' solution alternatives based upon
measures aSsociated'fb one or more criterijon references.
Furthermore, any reasonable model must incorporate a mechanism by
which the decisioning:precess (viz., the budeing of the solution
‘set) is able to ana]yze and determine preferences based upon the
interaction of the criteria with.the‘combination of potential
falternative actions. A

Preferences can be modeled 1nto such a framework via the use of
weighted criteria; that is, a110w1ng greater. influence for a select
number of criterion references as opposed to the remainlng measures -
utilized. In the same way, trade-offsvare mode]ed through use of
collective measureS'to signify system jmpact as a whole (i.e. mazi;
p051t1ve, and m1n1m121ng the negatlve) Since it is




The Application

/ This final issue in chapter three provides constant fuel for

/ the critics of quantitatjve, decision modeling. The fact that

i many final, solution sets will not .exhibit a]] of the mode]ed cri-
_terion constraints upon the solution, leads the novice to beljeve _
that the framework has faw]ed, and that 1ts use is therefore un-
warranted.

All decisioning has preferences as illustrated by the d1rectwon
given to the various criterion measures -- to maximize the positive
impact to the system,_and to minimize the negatwve. The deve]opment
of a solution set, w1]1 of ter incorporate some undesireable measures
in order to allow the poswtwve impact which would result.- This is
the acknow]édged existence of trade-offs as represented within the
results of the multiple alternatives mode], and it is ma1nta1ned as
a strength of the model to be able to make such trade-offs as it
progresses toward buw]dwng a so]utwon set

* In a post-hoc eva]uatwon of .the school closure mode] for
examp]e, it was Fo;nd that all criterion measures which were. to be
maximized, were -= .and llkewwse for those to be m1n1mwzed That 1s,
the- so]utwon set displayed a conswstent array of 'negatwve]y
orwenteo measures as opposed to those schoo]s which “remained. open.

‘ However, some closed sites resembled many of the opened swtes on
'/one or two criteria. These sites were deciswoned as closed based
';pon the predominance of their. »mpact as measured by the cr1ter1a,
and therefore upon their impact to the system as a who]e.

I
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.. CHAPTER 04

' THE DESIGN STAGE

-

[ Multiple Alternatives Analysis as
a Mathematial Decisioning Model 3
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THE TECHNIQUE

_"To include or not to include a more detailed and technica1
decision of the mathematical design within the MAM -- was a long
.and arduous decision for the author. On the one hand, inclusion

~of a technical section (I reasoned) might sensitize the general

- reader negatively; and prec]ude that_readerfsfpursuit of the
remaining text. On the other hand, exclusion of that same sec-
tion (I rat1ona11zed) might very.well undermlnd the final accep-

tance of th1s report as a valid techn1que. L ”i .

. P |
i} A - |

.The f1na1 dec1svon to 1nc1ude at least some m1n1ma1 amount of
technical deve]opment was made, based upon four prem1ses- '-1 )
(1) though a techn1ca1 decision may in fact threaten some
A readers, the-hu1t1p1e Alternatives Model Ls~(also 1n

fact) a techn1ca1 des1gn, for wh1ch I ne1ther m1n1mlze

‘nor apo]og1ze,
(2). a technical d1scuss1on w111 add credence to the N
}'operatlng mechanisms of the model, 111ustrate 1ts 1ntea,,_‘
"work1ng parts, ;and promote ‘a detailed understand1ng of .
the "input-process output" re]at1onsh1p - far above any

LA

"Trust me, it reall works'" manuevers; .
y:

i
s
’

(3)- the technxca] formq]at1on can be: both, 1nformat1ve and
'_documentary, w1thout read1ng like a b1ochem1st s report
on the postp1tu1tary hormone, oxytoc1n (that is,

C43H55N12012$2, if you are 1nterested), and

(4) a respons1b1e read1ng of . Chapters two and three has
a]ready acquainted the reader to the genera] 1deas con-

tained w2§h1n Chapter 4* that ln fact, Chapter four

wd




should be a reca]l' episode for the material already
alluded to in the prev1ous flscal dwscuss1on._

‘The presentation in Chapter four cons1sts of three sections
which follow a very simple 1ntroduct1on, deswgn, and- eva]uat10n/
validation paradigm. The dlseu5510n is void of any partlcular .
problematic context; and thus is more gener1c than system-.» _
specific in scope. Such* an 1nduct1ve approach viz. from the
specific in Chapters two ‘and three, to the un1versa} in Chapter
four; will hopefu]]y not only promote better learning’ and

understanding of the MAM_EQEthque,—butawe4}~moreUver“ﬁrﬁﬂﬂigfa;;“*___f_f

B

er to review the manuscript more c]osely for its 1ntu1t1ve ,
i; ‘and genera]1zab]e app]icat1ons to other problem areas of , A\
Z education.’ S ‘ L ’
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INTRODUCTION. TO THE. MULTIPLE ALTERNATIVES MODEL. ' .- £\

" The Multiple A]ternatives Modelin§4?MAM)‘framework makes four

assumptiohs'of the problem (decisioning) areas to:Qh{ch it
(model) is to.he applied. First, the problem is a-multiple
alternatives problem, requiring a multiple a]ternatives so]ution.
That 1s, the solution to the specified problem s1tuat1on cou]d

L reasona]y call for the- nnp]ementat1on of more than one of the
a]ternat1ve courses of action being evaluated. whether 1t be 4
schools to be closed, budgets to. be cut programs to be’ 1n1t1ate, zj
or routes over which to transport students --greater than one -
schoq} budget program or route may be(selected as the so]ut1on.

Ah o . FR ; S
» . . k d‘ l ','-; . . Lot ’ \"’ ] . _': r ._._s-
X3 - R r{x bt

. écond]z cr1ter1on reference poxnts (1 e., variables) can_be
quantwtat1ve]y measured for each of the def1ned alternatives,
demonstrating an alterative's impact (if 1mp]emented) to the
system, according to the criterion“s derived focus. Furthermore,*
this ar1thmet1c summation of all 'selected’ alternative's, orii
.terion ya]ues (across a partwcu]ar criterion) forms a cSmposwte

4 numer1ca1 vaBue which 111ustr3tes the so]utxon"s impact (se]ected

alternatives) to the system a

a who]e.
¥ -

"y
N

Thirdly, the system being mode]ed can’ af1x some h1gh (or \ow)’k
limits to these criterion ;ummat1ons, called upper (or 1ower) )

"bounds. . If a criterion measures the tota1pcost -of each programl
..being cons1dered for smp]ementat1on, and a total ayailable bqu%t
of some specified -amount exxsts - then the summed total of a]%

n1strators do it re]dg1ous]y) - In th1s examp]e, the
ava11ab1e Jis seen as’ an ‘upper bound'. S1m1]ar1y,a ']'#




- where the criter1on is the cost to«be saved for each of the ;ﬁﬁp‘ﬂ;"
potent1a1 a]ternatlve programs - (budgets),avax]ab]e for ro]] back

Finally, some one,,1nd1v1dua] crlter1on measure is 1dent1f1ed
wh1§h will be utxlxzed to optlmlze the se]ectxon_of the flna] L "” )
alternative mix-set (so]utxon. Many sets ‘of - aTternatxves (th%t GNP
1s,‘comb1natwona] permutatxons),can sua]]y be 1dent1f1ed wh1ch
ee” or extent., However,

;? rea]itynnorma]]y requlres an “#dherence to some priorities

”“>“ex1stent within the system being mode]ed for example, a desire
to max1m1ze the number of students transported (on the average)
‘,.1a “each bus, or a des1re to minimize the number of stops a bus .-
?has to make enroute to the schoo] .

will provide a solution to some d

e

‘v,.

T r L i .
AN e t

3nﬁ37 . The Multiple A]ternatxves Mode] vs a comp]ex response to'a

““complex decisioning situation. The" mode] recognxzes the need to .
simultaneously evaluate a%; avaxlable a]ternatlves across a]] o
defxned crlterxa, and to t erefore 51mu1ate the 1nteract1ve

h set of criteria whxch the rea] life deéws{on-maker have poswted
as the desxred 1ngred1ents of their final decision:

- Role of Mu1t1p1e A]ternatxves in Dec1swon-Making B ". &

e / * . - o

In the mu]txp]e alternat{:es context the potent1a1 so]utxon- R
fa]ternatxves may be dlsplayed a8 a serla] strlng, that 1s, '

X1 x2 X3 eee Xp where X; represents the Jth a]terathes (of n

tota])y j=1, 2, ..., n. The MAM decision is. to’ 1nc1ude (or f;h' °
exc]ude) each alternative a? a member of the flnal solution - , '
u(m1x-set) The only value which: Xj may. assume. is . } (thdt 1s, .

to’ inc]ude) a '0"(that is, to exclude). Therefore,wthe.dec151on

R
L™
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2

1s toJmathematwca]]y ass1gn e1ther the value of 1 or’ O to each of o
*ra]ternatwves, J = 1 2, cees M3 thus the label,. blnary,

: In each case- of ten a]ternatlves, the serial representat1on .
wou]d be 111ustrated as.

.
o

o ". .l[X]_-' X9 X.3. ver X‘lol

ir If “the’ final solution ingluded a[ternatives 2, 5, 9 and 10 as
"members,gthen the solution vector would be displayed as

"zo.-_1‘f‘o o,f1 0001 1.

" As we w111 see 1n the next sectlon, the function of a blnary

coding (0,1) extends beyond its use as an easy dlsplay mechanwsm
- for. a%ternatwve so]utlon membershlp. . o

. ) .

Dl

. . .o c . 8. H Lo
Decision Criteria as-ModeJingMCOhstraints .

¥

‘ We have seéh that an alternative becomes parttof the solution
by taking on the value of 1 (that is, Xj = 1 for some j- -of n); as
opposed to thé value of-O;jx = 0, for all J of n, such that xj =
1, j=1,2, ..c, n). The basis ,for, d¢signing 1's v. O's, lies - ¥
in. the eva]uatlon of the criteria which were selected and

,.;imeasﬂred to 1nd1cate each Xj's impact upon the system being

modeled.- Furthermore, it was the summation of the cr1terxon
va]uesyacross‘the se}ected (solution) a]ternatlves which for* f

mulated, theopultlple a]ternatxves so]ut1on (WTX set) impact to
.the system. ’ -

. oa '
ol w2 RESF »ﬁ-_ v
Lo 7

. Let us define an *a’' as represent1ngtthe value of any cr1-
terlon for any’ a]ternatlve. It is relatively straxghtforward

. X ) \
-"."n "‘\ s
S Y ' i

o

. ’ j
el . . .
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$
)
v‘. i

‘then 6f1hterface 51J as the value gf the xth crwter1on s measure

. Forvthe_fth a]ternat1ve. For _example, recal] -Our previous

examp1e~of ten a]ternat1ves.¢ If there ex1sted-on1y one crxterwon
to ass1st ‘us in evaluating’ the .set of potent1a1 'solutions, then

‘the cr1ter10n va1ues_cou1dube represented as:

T
SAL

T a1,1 2 A,3 A8

.‘-'": -
.

2, 10 1’

.'-\

\'-‘

In‘a more comp11cated examp1e, a set of three criter1a used t0'

‘al,4 . ) a1~’101

2,4 -+ 3701

a3,4 ‘... ,a3,1015

The first ‘case involving. onl& a single‘ériteriéh, is called a

~vector of criterion values across the potent1a1 alternatives.

The second case where three criteria existed, is called a matrix

(5. e., a collect1on of two or more vectors) of criterion values

across potent1a1 a]ternatives. Since most MAM problems involve
more than a s1ng]e cr1terien, and because each cr1teé10ns'
measure/w111 be utilized fo cofstrain the decision to be made (or
more approprlately guide the select1on of alternatjves for 1nc’“
s1on w1th1n the solution set), the matrix is known as the

..__._-&';"

constra1nt matrix. . ) . B

At this po1nt we have 1ntroduced the. var1ab1es of XJ(J =

1,2,..., n) did 3j;(1 = 1,2, ceaomyd =1 2,...,n) to represent cRGY
the a]ternatives and criterion values, respect1ve]y that js: ¢

«
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S '-'"I".IXIZ o X3 Ny Xn

1st criterion:

[

nd emeion:. 2,0 %2 %3 g

|
I
I
I
I
I
I
I
I
I
I
I

. mth_criterion - | Il Am2 A3 e ag g

!

Can you sée (?) that a furthef_refinementfof the above scheme
a could be 'made to appear as follows: I

- -
-
i

N

-

Laix  a2% ,a,3% ... a5 ;%3

Laix 3% a3x o 3 ,px1

Lam1x1 am2x2 3 x3 ‘.o ap pxgd

This makes sense if you recall that: (1) the vé]ue of each

xj will be either a '0' or a 'l', depending upon whether it is
excluded or included within the solution set; and that (2) the
sum of the criterion values measures the total impact of the
solution upon the system. | >

°

L

Consider a relatively small example of four alternatives
being measured across three criteria. Thus the model would be
‘represented as:’ B T

132 ,, /
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o

al,lxl + a1 oXp + a1,3x3 + a1,4x4 (system impact if CRIT #1)
Mz‘lxl + a2 2X2 + a2 3X3 + a2 4X4 (system impact if CRIT #2)
i“ .
) , _ ,
a3 1X1¥+ a3 oXp + 23,3%3 + a3 4% (system jmpact if pRIT #3)
Now if the solution vector :xl Xy X3 x4] was represented as

(1 0 0 13 where only alternatives #1 and #4 were selected, the
. model would be shown as:

ap (1) + a1,2(0) + a1,3(0) + ap 4(1)
az’l(i) + 62,2(0) +.a233(0),+ 32,4(1).

53,1(1) *+ a3 2(0) + a3 3(0) + a3,4(1);

or.in reduced form: )3
m.' . l. . . ‘f) . . . 4
7a1,1“+ 1.4 _(so]ut1on impact if criterion #1)
9,1t 3y (solution impact if criterion'#2)
: ’ a3_,1 + a3 4 (solutfon jmpact if criterion #3)

We now see why prev1ous dIScussions of tradeoff/preference
and interactive-effects were germane to the MAM development.
Note that if g1 0 0 13 is to be our szxution, then the values
of . [al 15 32,1 a3, 13 exist for X1 and [al 4> A 4, a3, 4] for |
xq = 1. Thus the so]ut1on X5s J = 1,4 requires that we accept
- the criterion values. of (ay, ,i» 32,3s 23 i) 3 =1, 4 hether they
are most desireable or not. - What we a]so know is that the choice
of . Xy and Xq as solutions must coincide with the upper/]ower
va]ue restriction p]aced upon the criteria.’

{
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* System Demand and System Impact o ' .
The 1imits placed upon each of the composite measures formed
by’sunming,each criterion's impact across all solution alter-
natives (1. 8., Xj = 1 for some j of n), reflect two c]ose]y
related, system- st1mu1ated components demand- and impact.

System demand exemp11f1es the need(s) of the system by the
emandgs) ‘placed upon the value composites of each ¢riterion
surmation; that is, the upper or Tower bounds of tHe criterion
sum’ across the selected solution alternatives. However, since.
the bound is estab]ished'on]y as a 1jmtt (not to be violated),

_ then it is reasonable to assume these sums will seldom be equiva-
. lent to the bounded value; that is, the composite may be somewhat
less than the established upper bound, or somewhat greater than
the established lower bound The actua] value-and its distance

from -the bounded value, is the measure of system impact (for each '

.criterion- of the a]ternatxves se1ected as so]ut1ons) s

Based upon the a]ready linear relationship between the cr1-
terion va]ues and alteratives (defined as coeff1c1ents and inde-
. pendent variables, respect1ve1y), it is a s1mpIe extens1on to

“model these criterion 1imits as a funct1on of 1nequa11t1es. Thus -

in a threea]ternat1yes, two- cr1ter1on model {requiring a 2 x 3
constraint'matrix, rﬁght?) -- where the first griterion has an
‘upper-bound required, and the" second cr1ter1on a lower-bound --

the representation may be stated-as:. :
_ | R 1 T

Yo

341,11 *+ a1 pxp + a1 3x3 £ D1
33,1X1 * ag,1%p + 32,3x3 2. by

where b, (i =1 2)tare the upper and lower 1§mits'of the first and

' second cr1ter1a, respectively. These values bj are known as the

va]ues of the right-hand side (RHS) of the constraint matrix; the
{

3
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values b; in veétor format (bl,bg) are referred to as the entrijes

of the conditional vector. Therefore"if the solution vector oy
{110y is to be ana]yzed the fo]]ow1ng algebraic: re]atwonshxp
must be satisfied:

-81,1%1 * 3 pXp € by

. . 4

2,1%1 3 2% 2 by
v : o : ' o
If mdreoyer a pérticular‘constraint,(criterion'relationship)
exists such that an equality is required, the linear equality:

= b

X )5

1x1+a 2X2 ...+a.;’nn

is usefuly

The. ut111ty of linear equalities and Inequalwtwes in formulatwng
f__the mu]t1p1e alteratives model is. obvious. However, it is reasonable
;f;zto eéxpect: aasltuat1on in whwch more than one set of alternatives pro-
‘f{ﬁvwdEE‘a solut1on to the MAM problem. -In these,cases, additional
‘fsystemrprworwtﬂes must be set. ST '

LR

System Priorities and the Objective Function
Consider the circumstance where in eva]uating the above three-

a]ternatx%p, two-cr1ter10n problem, two plausible so]utxon sets became

evident: gl 0 13- and o 1 13. Since both are plausible, we now
that each of the relationships:

a1,1%1 *+ a1 3x3 £ by
2,1%1 * a3 3x3 2 by
1385
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and

31,2%2 a1 3%3 ¢ bl,a»”“"

23X3+a23X3)b2‘4.- !
are indiV%ouaily, simu]taneoUsly satisfied - The question

'be'comes-~ how to choose between the first (g1 0 13) and second

(g0 1 13) sets? o '

.

> The MAM framework provwdes a so]utwon to thxs dilemma, v1a  w _'

the use of another crierjon caLJed the obJectwve function. (or'”

cost vector) ] Un]wke the crxﬁerwon constraint 1nequa17t1es 4

objective functwon does not have an estabﬂwshed upper\(or )ower) PR ;
- bound assigned.. Rather the- criterion coeffwcxents for thelobJec-=v"”

tive functron (1abeled cJ, j=1 2,...,n) are summed and the

additional deman established, that e1ther a maximum or minimum sum

be found.» Consider the following scheme:

Y

(Alternatives) R
X X X3
oriterjon #1 U A S T ¥ A
. criterion #2. RN a2 P32
(objective function) Cl_ Co 3

If the criterion referencxng the objec{ive function was of a i
. positive-consequent nature, that is meafuring good effects of B
each of the potentjal alteratnives, ,then it is reasonable to

136 . .
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,//

. // )
desire a maximum va]ue from the summation of cJ baeeojupon the
alternatives selected as so]ut1on

. . K » - //
' If the solution gl 0 13 is selected, then the evaluation

of: o “ : : . - _ /o

cixi + coxp + C3£3

results in the composite:

C1+d3,

Likewise, thelsoiution set [0 1. 13 results in the composite:

.

- PRCE

If c5 are”oositive’(i e., good andfdesireab1e) measures and we

therefore wish to maximize the cJ summation -- jt js intuitive

~ that the greater of the ((Cl + c3) and (c2 + c3))'va1ues will
decide the final chomce/between the g1 . 0 13 and 0 1 13 sets,

,’respectwvelj That is, if in fact (c2 +Co) 2 (cl + c3), then
the re]atwonshwpn ' ~

~ yields. the so]ut1on set7;0“ 1
function of (c, +
minimizing (the :
coeffwcxents, demon trates the 1s

solutions. Both tl 013" and tO 1 Wer “feasible solutions
in that both satlsfzed the_mewts‘estab]1§hed via the inequali-
ties ahd ‘the values of the RHS or éohditional'vector. However;,

ﬁaobjective

he "good") and
otfye function
“v. feasible .

the qO 1 13 solution was optimal as. it a]one maximized the
obJectwve function summatwon.

. 137 : ’ . .
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In summary, thlS example could have been stated complete]y in”

the MAM framework as follows: -

P

To maximize: C1xp +epxp + caxg
subject to: 31,1%1 * 31,2X2'+"al,3x3 by

3y 1X1 + ap 2xp + ap 3x3 2 by
Xj = (091)9 j é_ 19293'_.

The next sett%on'will focus in greater detail on the actual
quantification of the coeff1c1ents, and the deve]opment of bounds
for the condltlonal vector.
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Figure 7. Reoresentation of the Augmented Decision MatrixﬂMode]

L  2s che "Multiple Alternatives i#odel" (MAM) .
| (DéCisidn Yariables)
Ry Xy o Xy X, X5 Xz Xy Xg * (RHS)
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DESIGN 0 THE MULTIPLE ALTERNATIVE MODEL

‘avallab]e to "break any t1es“ whlch resu]t when mover than one”
vector of so]ut1on values (0,1) ex1sts\for the 1ndependent

variables (the multiple alternatives). ‘Generally speaklng, these
‘ equatlons and inequalities which make up the constraint matrix
~and conditional’ véctor (rlghthand-51de) could be. further ]abe]]ed
. as. the dependent: varjables ( ;he foci of the _particular criterion

' constraints), ‘ : ' ' o ' 'u§§ﬁ

The coefficients of the cr1terTUn—cUnstraTnts—~the—a———ng§§§:——————*
reflect measures for each of the xJ altternatives (j = 1,...,n) ':«'
across each of the defined 1-cr1ter1a (i =1,...,n). The = N )
51 values (i = 1,...,n) of the RHS. (rlght-hand-side)‘nepresent'

. the 11m1ts (upper and Tower bounds) bTaced upon the sums of each
crlterwon, summated across -all-selected (i.e. solutwon) B
aﬂternatlves.; Since a se]ectlon means that the speclfic Xj va]ue
| will equal '1', then the. crlterxon value a‘JXJ (or aj 5 times 1)
: forces {5 to be an added to the sum. .

We may now improve tremendously upbn our ear]ier charac- *
_terization of ‘the decision matrix.v By add1ng the jdeas of the
conditional Vector (to insure flex1b111ty and the potent1a1 for
tradeoff/preference) we are ab]e to mode] the interactive-
effects, prem1se requ1red of mu]twp]e-a]ternatlves decisioning.
Supp]ement1ng the model further with an objective function, the’

a‘set of feasible so]utwon a]ternat1ves can be further analyzed to

-~ choose the sxngu]ar]y best alterative mix-set -- the optimal
- solution. Figure: 7 dwsp1ays the scheme of. the augmented mode]

within the original eight- a]ternatJve/flveconstnawnt milieu. We

fa
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] / : :
' may now proceed to d1SCUSS in greater deta11 the measurement and
”‘operat1ona1 schemes wh1ch are posswble (and deswreable) w1th1n

the MAM framework. _ v . ffﬂ" o

Generation'dﬁiéo11ective1y-Exhaustive'Alternatgueswijf“ﬁﬁ
R G | L ‘3,_ ‘__‘, ' |
Va11d construct1on and re]iable executwon of the MAM system
‘requ1res the user to- reca]l certain ru81mentary facets of basic -
research and exper1menta1 des1gn, and stat1st1ca1 analys1s (- the
issues of- co]}ect1ve exhaustiveness and mutua] exclus1veness._rWeZ Lo
will delay the d1scuss1on of the mutua] exc]us1v1ty of se]ected S

falternatwve solut1ons untll a lateregégtion. However, the 1ssue

o

T g . - <- A

21 Recal] the two strong‘suwts‘ (obv1ously among many) of the"f

" MAM framework: (1). control of” 1nteract1ve effects mode11ng, and

' (2)}measure”of total system impact. Interactive- effecti%mode11ng

' prov1ded a control over, . the rather comp]ex milieu produced when
decision- mak1ng was eva]uat1ng multiple alternative solutions
across mu1t1p1e competing crfterwa., S}ngle a]ternat1ves could be
measured as "good" or "not-s6-good" on varipus criteria - com-
pared to the correlated criterwon measures}Sf other alternativeavgﬂ S
and analyzed as .to which a1terat1ve displayed the best-mix of“ i
cr1ter1on measures. When compared however, did some set of

' _a]ternat1ve solutions produce a better "interactive-mix" than

another set? And, were different amounts of alternat1ves

requ1red for either? Thus, interac Tye -effects: modellng assumes

highly complex 1nterre1at1onsh1psﬂn ;Aonly between. sets of

mu1t1p1e a]terantwves and am among (w1th1n) those same sets, but -

also _presumes re]ated interactions between the criterion measures

of thOSe same alternat1ves (both singular and multiple) --the

'necessary foundat1on for a trade -off/preference potent1a1

Ve
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?.. - The. othert,strong SUlt‘ of MAM centers about the issue of
ifj{measurlng tota] system lmpact You w111 reca11 that the
'f}RHS-values prov1de d contro] upon the summatlon of each or1térwo :Jf

33fc0nstra1nt --thus 11m1t1ng the lmpact whlch the selected'alter- “33=?f

"’nat1ves w111 be "a]]owed" to foster. *However, RHS-values
’estab]xsh e1ther an upper -or 1ower bound to the summation, not \

| the actua] value which the summation must assume. Therefore, - the \i?;ﬁ;
~true sum for any criterion constramnt might very will (and ;l,
usua1]y w111 3@3 different than the” pronounced limit; that. is, - - .

somewhat 1ess han the upper bound or somewhat greater than the

1ower bound “In thlS way, the desired lmpact to the system 1s ’_. _5f'
: contro]able but moreover the actual lmpact to the system TS
-measureab]e.~ By kanTng the dlscrepancy between the dESIFEd and

_“jsystem (1 e:j‘dlfferentlal~4mpact)—Wh3Ch“mHYZOCCU?‘thTOUQh‘t“E
s j‘e]egt>0n of dlfferent a]ternat1Ve so]utlons.;ywlhf

It shou]d be. obv10us to the reader that neather the contro]
_of 1nteract1ve effects nor the recognitlon of system 1mpact v1a o

':varyxng a]terant1ves‘ confmguratxons, 15 posswb]e wwthout the .§f5ip{
_existence of -all poss1b1e, feasible, and’ re1event a]ternatlve 1f?F:¥gjﬁ;

'courses of, actlon for conswderatlon. More succnnct]y, the set of.

: mu1t1p1e1a1 _jantl es\bemng eva]uated across the deflned cr1ter1a

"constralnts must exhipit. the characterlstlts of "a. 6011ect1ve]y—

exhaust1ve popu]atlo of a]ternatlves. The exc]usmon of any ' -
a1ternat1ve form the mode1, automat1ca11y precludes its impact™
upon the eva]uatlon of the- rema1n1ng a]ternatlves, and its 1mpact

upon the system as a who]eQL };;L:a

N
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“Criterion Measurement and Constra1nt Formatlon LT

SRR o -

a-

Since the cr1terlon constra1nt represents a 11near re]ation o
(e1ther equa]lty or 1nequa11ty) of ‘the form: I

3 . R
4 . “ ¢ N <.

: T R
+. PP + ai’n Xn (i’ =’ _’.)ﬁqb.; . s

\ ]

4

1 3 xJ * a] J+1’ 3+1 ,

' or more conclsely

S o T

w;,(.'n i;‘ _5‘_' u s : | | | %
. - ] j xj (( = >) b1 for each i= 1, .es m,vf

o J-l N ~@0-- : : :
. Jextreme cautmon must be used in deve]oplng the aiJ coeffic%ents |
fﬁ(of the x dec1swon varlables.‘ 0bviously, each ajy. must be
*rinumerxc,,and‘further exh1b1t»such-qua11t1es as_to a11owfthe1r
arithmet1c sum to'be a rational and_ useab]e quantity for: com-~

~ parison with the associated b,) RHS-value (d1scussed in the next ;:='
" _sectlon) e -

V
. )

L : . Tu el
LRI » '

Four bas1c sca11ng sohemes exist for\measuring and encodnng vfgéi'
. data: nom1na1, ord1na1, 1nterva1 and ratxo. Progressive]y
'1nc1us1ve, al] can be utilized to formu]ate the a1 coeff]cjent
L dependent upon the definltion of the particular criterion '”7@ .
ffficonstztfht (1 e its focus) ‘The most common ‘scales . uti11zed are. -
Ej;;the interval and ratio measures due to their ability to compute
L'measures of central tendency (arithmetic means)aand dlstributlve |
var1at1on (standard dev1ation) We will 11mﬂt our discussion to
;these scalJng.technaques.on]¥,;- | " SR

i
. . . . ‘“oo 1]
t. B e . -0

: Data concern1ng program expend1tures (e g. 1n &011ar~un1ts), SR
'<"number of required persdnne1 (e g in FTE-units), or energy con- L
sumption (e 9. in BTU-uths) are. eas11y ratio-scaled measures. _,,s”
"fQOther data whlch mlght be obtained from.samp}e ouin}onnaires con~ i
‘}ffcern1ng the respondent s perceptions towa(ds each part1cu1ar o
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‘the constralnt as fo]1ows-

) (Rl

alternatives might easily be interval scaled (é‘g a six- pownt
conthuum measure assoc1ated with a 'Strong]y D1sagree, oo
Strong]y ‘Agree’ response format)

b

o9

| »

Consider the objeotive: L
S o . N L
"To dea]]ocate siich: program a]ternatlves as will secure -an

a_expendxture savings at Teast somé amount $SAVEu w7 i

C]ear]y if we :cost- out each, program a]ternatvve and arrange ;aﬂ;'j

B
S ' e A

: Y
oy T ees : . _-'.)-; .t

- 85,0 %1 + 85 2 X"+ 8y 3 X3ft o 51 ,n Xn 2 SSAVE;

nl

-l

R VAl
o

then the 'solution vector X, Xo, x3 ces X nd must ‘be of such (0, 1)
conf1gurat1on as to allow the sum of the $ i to be at 1east the
amount $SAVE or ‘greater. This is one of the eas1er examp]es of
the use for a ratlo-scaled chterlon.

o

Consider aﬁbtheﬁiobjective'for=use of'the'interval-spale:'

‘“To deallocate such program a1ternat1ves as w11 co1nc1de.i
with the public's oplnlon of each program s relative 1ack of

merit." . s .,
3 o S R R oY .
*\? ._'-_'" L : ' . : ", . .
\} ¥
Suppose that a questionnaire was sent to a random samp]e of .
i
s

1nd1v1dua1s, where1n the questlon ‘was asked - o CoL M

't?
| .

.*

"Program x; fulfills the needs of “the communxty
to wh1ch 1t applies."

-"':&f'.'-

5
)

_k;and the response ta]]jed via the use of ‘the following format:

»

&
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- ) . . ’ . . ™

< 1' 'f';"' . 2 N \ l‘\3 a ' ‘ ‘. " - . 5 { 6

o

Strongly Disagréendedehgtely' Modeﬁhtefx_;Aﬁhee ’Strgnglyd
) "Disagfse,' o . Disagreer,»" Agreew ¥ Agree

) L]
¢ r .o I . L ‘e

= » T o ¥
Py

"' 5 g *
where A lesser magnwtude (1,e..l Z, ves ) disp]ayedothe

respondent"s dwsagreemen; w1th fhe 1teM‘elrcﬁtor, and thig:

measured a egativ response to the perce1ved mePit for each.of

the dYograms. AF 100 peﬁple responded tg~these 1tems (one for

.eaCh pnogram a]ternat1ve) the 100 perceptwpns (1 2 >, e 6*§k

. could be averaged and comp11ed 1nto the constra1nt ser1a1"

' survey thms deve]opment 1n the next section. : ‘

! * .
< o .4\‘ - - J

Lo - ‘ . n @
C PO, xis +PCP ,2. %2, wen ¥ PPy nxg' :

0
N ) R .

“Wheﬁe PCPj'is the ﬁth'constraint, and represéhts the group's

(N 100) perception (PCP) of worth or merit for each progr‘arﬁ'~ of
course,.a value for -the RHS (b, must: be computed, and we willy

"
"

The importance of .each crwter1on constra1nt w1th1n the
constra]ht matrix’ lles in its “ability to:model each alternative -

| 1ngu]ar1£ (via the 1nd1v1dua] 34, values), and co]]ectwve]y

{‘ i
(via the summation of - the aiJ, j=l,...,n); Singular modeling - (_
.allows the 1nd1v1dua1 alternative's. contr1but1on to interaction-

,effects to be input to the dec1510n1ng model. Co]ﬁect1ve mode- *
._lﬂﬂ then allows the ‘impact to the total system of potent1a1
so]ut1ons to be compardtively evaluated agamnst the estab11shed
bounds of the: condwtwona] vector.- :

(/ f S . * P
.

Computation of the Conditional !(RHS) Vector
) - R “ B M e a

* The4heed to ]imit the constraint-coefﬁicj%nt suhmations for a-

- rgalistic s1mu1at10n of the system bemng mode]ed, as wéll as the

e

I

use of fhese same summat1ons to detect system 1mpact, should now

' 4 , w« [ ‘
I~ .
hor* BN . v ' ’
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be (hopefolly) obvious to the reader. If oneghishes to limit the
extent of some neoat1ve effect to the system v1a “the a]ternat1ves
selected, then some upper bound 1is estab11shed for~the. sum of
criterion coefficients which represent thls negat1ve 1mpact

. S1m11ar1y, if the mode]er wishes to force some 1q%fl of positive

impact, a lower bound wou]d ‘be defined for the su of'ipositive‘

-criterion coefficients, stating that this m{nima],sum‘mUSt at
lTeast be attained. What may not be-so clear yet, is how these

1imits are arrived at. " e
. . " .

Ope of . the authors has performed cons1derab1e research in the'

3d1fferent ways to deve]op the RHS-values .in the cond1t1ona1

vector. These efforts have -produced two basic methods for
generating the RHS (the first, static, meaning to be established
a priori, and therefore non-varying; the second, dynamic,lmeaning
to be defined algebraically Within‘the.model; the value(s) |
varying as thetmodel varies in its search for a so]ution).' The -

~most conmon'method is'the static approach because of its ease in

modeling and the. acceptabx]xty of jts* assumptlons. We will Timit
our- dlscu551on at this time therefore, to, the statlc RHS-va]ue'
generatlon technlque.q&_

First let us review what we are attempt@hg"to«accomp1ish with

,the 1inear inequality. Coefficients have been aSisgned to each

of the ‘alternatives-solution independent variables (the multiple
a]ternatlve decisions being analyzed), based upon the focus and
1ntent of the part1cu1ar criterion be1ng modeled (as a
constralnt) " Ecexution of the models w111 sum varwous subsets of
the set of coeff1c»ents defining that cr1terlon, and will

' repeatediy compare that sum to the RHS Timit ass1gned 1n the con-
,d1t1ona1 vectors that is: I

7
E

’ n '.f_k" - .
% 35 x5 & b1‘. (negatlveajmpact)
a=1 L 20
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on,

¢

n v
w A5 X5 2 b (positive impact).
J=1 o

Recall also that the b; value is to dengte impact to the system
as a whole; that is, the collective, impact of the subset of deci-
sion alternatives being evaluated as a potential solution. If we
think of "as a whole" apd "collective impact" in the arithmetic
sense, a useful analogy is the arithmetic average or mean. That
is, the system will average the coefficients' value being
Aanalyzed, and” CSQPare this average value with the sum of the

. coefficients. :

¥

a -

To accompllsh this, the modeler flrst needs to predict how_
many decision a]ternatwves (x X3 arelJlke]y ‘to be selected for the
.final solution; 1et us say 'k¥. Then the modeler computes the
mean of the coefficients for a particular criterion,

/ v
—
- : n
- — aig 3
A; = _j=1 :
('.‘ m i

«
and multiplies the mean value A by the expected number (amount)
" of multiple so]ut1ons, ‘

-
3

. b,; = k | T Ai 31 y
where b is the RHS-va]ue to be compared with the constra‘int coef-
ficient (subset) sum. Thus, . ‘.

L .
a;4%5 € k - A ’ . ’
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where the number of j's approximate the value of k.

Uﬁfortunate]y, experience shows the use of the mean (a]ohe)
to be substantial in establishing a workable b1 value, this
problem is easily rect1f1ed by 1ntroduc1ng the standard dev1at1on
of the criterion coefficients to the bi formula. Remembering
that the standard deviation SD, is obtainfd‘fkom:

(. o 4
- _ks
j n |
N B (Y aij)z I
SDp =] =1 |
L n-1 d

we can now modify the b, generation formula as follows:
UPPER BOUND by = & - (A + SDp)
such that,

n

— x5 £ k e (A-; + SDy) .
51 |

LOKER BOUND by = k = (A; - SDp)

such that,

I ax 2 k- (hy - sop).
=1 ~
. K ‘ S . .
Use of the mean and standard deviation provides a consistent for-
mag forvcahst?ainihg the decisioning matrix;'and each constraint, -

4 %:@qu:@w .
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. -
therein. Not only is systematic flexibility afforded to the
model as. it searches for a unique (optimal) subset of solution
alternatives, but the problems associated with initial system
infeasibility are minimized. The notion of infeasibility will be

covered in greater detail in a later sectjon of this paper.
$ ‘ ]

Cyclical Optimatization Via Iterative-Objective Functions

)

In our earlier discussion of the roTe of the obJect1ve func-a ‘
tion (or cost vector) in gaining the most optimal” so]ut1onli1,”3°7:
(decisioning alternatives subset) from -the available: feas1b1e
solution subsets (acceptab]e to established constrawnts) the
reader may have become aware of the subtle bias the ' 5.
~ OF- coeffwc;ents place upon the final solution. Often, thws bxash
is intended. As often, however, it provides "fuel" for model
critics to Ettack the MAM procedure as another "computerized,
mathematically gerrymandering" technique. A satisfactory solu-
tion to thisv‘potentia]' phob]em,is available, and relatively
easy to implement. ' |

The idea of cyclical ggtimi:ation involves the cycling of

each constralnt entry (i.e.-the coefficients ajj of the
constralnt matrix) ‘through the obJect1ve function. Genera]]y
speakwng, this 1nvo]ves re-executwng the model 1 t1mes, once for
~ each of the defined constrawnts where'

i C
y C Cas =
IR IS U

each i=th iteration.
Swnce we ejther maxwmwze or minimize the sume. of the

CJ va]ues, depending upon their positive or negatwve focus -
f'respectwve]y, cyc]x;a] optimization must be structured to then

" 149



max1m1ze the obJect1ve function when the constraint values being
cycled aare of a ‘positive 1mpact' nature. And of course, the
reverse be1ngvtrue forsthe negat1ve-1mpaet constraint fd&{ﬁ.

.

The MAM structure thus involves an optimization strateéy,
which may be depicted as:

3

MAX - C:.:x: for each ith iteration
— 137
MIN ._.. :
j=1"
. n ) N
subject to: 3;3%5 (£, =, 2) by
j=1 '

Cyclical optimizatdbh ddeé'hot“eTimihate the baas of the ohJe
’t1ve funct1on, but rather allows each constra1nt focus to s1m
larly b1as the result of the so]ut1on subset se?ectmon. Asd'
will see in-a later sect1on on "so]utwon tEach1ng," the cy"
of each constraint through the obJective functxon prqvwdes__
useful technique for study1ng total system 1mpact ' .
\ N ot

2.

Evaluation of the Mu]t1p1e A]ternat1ves Mode1 '?Tﬁjutalu
f ., "-‘_ r,h’ a.. R .

13

seem redundant to the reader. Obvxqusly, the model 15 de }gned

- 150



select a]ternative'soiutibns. ‘And- the authorS have gone to con-
siderable length to indicate how the model will react to the *
various changes in its design and development.. '

But execut1on of the Mu1t1p1e A]ternat1ves Model is not in
itself a "stat1c" process.’ As a system of simultaneous Tinear
inequalities, varying configurations of‘the so]ution'vector
[xl xz X3 eee XpT will produce d1fferent interaction effects
among the criterion constraint coeff1c1ents ‘effecting directly
" their sums and thus their"ultimate comparison to the :established .
'RHS-bounds. It is conceivable (and unfortunately occurs often),
that the initial relationship, between the constraint matrix and
conditional vector produces wﬁet is known as an infeasible
h;;. egio . The model must then be revised by relaxing one 'or more
© of the constra1nt sumation’ limits, in order to determineeﬁ ' _
g_’\(locate) an initial feasible space, -and 1ts assoc1ated parameters PR
(b va]ues)**"S1nce the relationship between criteria across [l
*;Aalternat1ves (_.i., 1nteract1ve effects mode11ng) is not 1mme- o
'”w5d1ate1y ev1dent 4n an infeasible situat1on, considerable time can
'.L:often be expended in 1ocat1ng the “prob]em" RHS-value (or




Total System Impact Via Multiple Competing Constraints
As each potent1a] solution alternative competes with other
'_a]ternatxves for inclusion within a solution set, so also doe’s’
any partlcular permutated so]ut1on subset compete with other
feasible solution vector a]ternat1ves. The formatwon of the
optimal solution vector occurs ds the system asks 1tse1f these

Yoo,

. ‘“uest1ons dur1ng execut1on- o g@;'

(1) how many alternatives will occupy the sOTﬁéibn-vector?,

» (2) which alternatives will be selected?

(3) will these (e g.) three a]ternat1ves better, fdt the w;
“ constra1ned system opt1ma]1y, versus these other five?

.'..v‘"L e-

(4)’ will 1n fact any comb1nat1ona] permutattbn of the a]ter-

[N

'nat1ves be1ng mode]ed satisfy the constraints?
. . s Vﬁ‘

V;;

more than others? which

. (5) whwch constra1nts "constra1n-

) ]ess?

'ffmf the cond1t1ona1 vector/1s comprxsed of deSIred

1mpact how c]ose can the ‘model se]ect an optwma] so]u- =

e

tion vectbr, and minize theé des1red.v,_actua]

(by - - - alJ ) values? f
oo

(7)'jwhat tr deoffs/preferences have been made based upon the
criteria as a who]e, in the se]ect1on of one feas1b]e ,M~;;.f-

. {

so]ub1qﬁ subset over another.'

s

TThus, 1mpact to the system being modeled is bsed upon both o0
the se]ect1on of the so]ut1on vector subset and the re]ated cr1-
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M

terion constraints.'QIt is this complicated interre]ationshio

' between alternatives and criteria. (v1z., )nteract1ve effects

modeling) wh1ch makes - the MAM an outstand1ng cr1ter1on-
referenced dec1s1on-mak1ng tool.

R ..
)

4

Initia]’System FeasibiTity and Constrafnt'Re1axation

»

The MAM framework cannot systemat1ca11y eva]uate so]utlon

.subsets for an opt1ma1 conf1gurat1on until system feas1b1]1ty has :

been 1n1t1a11y estab11shed Feas1b111ty swmp]y means, that at
1east one so]ut1on vector conf1gurat1on exists whqch will sat1sfy
the modeled cr1ter1on constra1nts (11near inequa]1t1es) If no

fsuch,conf1gurat1on ex1sts (that 15 the so]ut1on vector 1s a zero
_vector, 0.0 0 ... Oj,lthen the syste;
__yﬁ_:though subtle, -the occurrence of a zero vector is a most impor-
fﬁb;tant (a]be1t frustrat1ng) resu]t ' ‘

1s_dec1ared 1nfeas1b1e.\§

b 1

1 ~
o .

CIf the system has been carefu]]y @mu]ated and modeled v1a

o valid cr1ter1on constra1nts, w1th the RHS-values accurate]y il

ref]ect1ng system needs. and/or demands - then the result of a o

-zero-evctor s1mp1y means ‘that no alternative is acceptable to the -

system as ‘a so]ut1on. In most cases, the modeler would then
"re]ax" one or more of the modeled constra1nts by 1ncreas1ng an
upper- -bound and/or decreas1ng;a lower-bound Such a]terat1on
makes the se]ectﬂon of some so]ut1on vector easier w1thout N
v1o1at1ng a constraint coeff1c1ent summat1on.m However, if the

system modeled (1n rea11ty) can ne1ther reasonab]v nor ratTQnallv'-“

accept the relaxation of 1ts "standards and pr1or1t1es," the:

'modeled reg1on is. dec]ared infeasible. The mode]er must then

seek new potential squt1on.a1ternat1ves to be included.in the .

- MAM framework. But if the ear]ier jssue of the co]]ective; -

exhaust1veness of the a]ternat1ves has been addressed the system

s dec]ared 1nso]uab1e. L % ; R .
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Cyclical Optimization and Solution Tracking

/_ - Cyclical optimization is accomp1ished by uti]izing‘the, .

13 coefficients of. ‘each- constraint.as the ij coefficients of -
the obJectwve functwon. For -a model with m-constra1nts, a. max1-_
mum of m-execut1ons, each with m-different sets of objective

'{functlon coeffwcwents, is possible. Dur1ng any partlcu]ar opt1- .
z'fmxzatxon cycle, the“constraint whose coeff1c1ents form the objec-
© ‘tive function. s still retained asa constraint for the -
_fdetermwnatlo Of initial system feas1b1ﬂ1ty'ai;

e o A

:%;QuftefobVTousﬁy (we hope) the reader now ponders khe fact
that m-executlons or more apprOprxate]y, m-optwmlzatxons) w1]]
produce m-sets of opt1ma] 'solution a]ternatlves. That 1s,‘51ven L
a f1ve-a]ternat1ve mode] w1th three-constramnts; the resu]t1ng

three cyclical optlmlzatlons cou]d result in the so]utlon sets-
' s U ox xg xg ;'V Xg 0 JTOTAL.
. Cycle 1: 0 | |- ?
. Cycle2: 1 . : , ' -
Cycle3: .- . 0. 1 '~ 0 0 B .
~-‘ | -
TOTAL 11 . 1 1 1.

Ll d

-
____As_you_can_seer—the-%?rst—two—eye%es—produced—a—soiotTon—set—WTth——————-
two 'solutions’ each; ‘the: thxrdéﬁelecting a slngle alternative
on]y. What is more 1nterest1ng (though suicide- provokwng_sh_____;_
real- lffe) is the fact, that- each«a]ternatTve—was~chUOSE“0ht’“‘ .f'
(and only onre) throughout the three cyc]esrexecuted. Which
;va]ternatlve(s) 'should then‘constitute the;So1utjon set? '
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TR : Lol B R T
R o - -ztafﬂ' ?” ;] .
Su Hose_now that a differenzkexampie (and more’ reaiistioQ is
Rosit'd as foiiows./s \ T LT
A 3 AR

Mox K xg e xg o xen e TOTALD L]
= = ,“, ' ‘ : T.‘.-' : ) -: '
ol o 1 1 1 3
1.0 R B R R
0 0 1 1 1| 3.0 ‘_
' - o ' & ’
1 by
. TOTAL: . -3 1 2. 3 5 |

o

A

*

' T is five- aiternative, 5- constraint probiem has produced a series
of '3-3-3-2-3' soi tions throughout the five optimization cycies.

© Mdre important (for now, anyway) is the total frequency with
which each alternative was seiected as' a member ‘of the soiution -

' - set. This framew is very ciose to a vote casting situation,

where ‘each of five voters can vote for a max1mum of three -
candidates. (We guess voter #4 is as frustrated as many of us j
are" at e1ection time: ) Candidate #5 “picked-up a totai of five -
votes, - foiiowd by candidates 1 and 4, Candidates 3 and-2 ,
acquired tow and one vote(s), respectively. -~ = . |

Such a taiiying of soiution choice by constraint cycie 15_____447
"known as solution tracking. Each set of constraint values takes
~.a turn at infiuencing the deveiopment of a. soiution set° at the

end of which a simple tally dispiays the EroEortio .of totai
3choice across all possible aiternative ch01ces.. The novice at .
?th]S point may declare that option 5 is.a clear choice, and that

1, and 4 should foiiow suit, forming the soiution set°
2 » . Y

;L’ . "a Vo N
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Depend1ng up0n the mutua] exc]us1v1ty of se]ected a]ternatwve
so]ut1ons, we chose to agree am1cab1y or d1sagree vwolently
Mutua]'Exc]usivity.ot SeTectéd’ATternative SoTutfons-f' - :

-

LA

We have devoted an ear11er sectIon to the: 1mportance ot for-
mu]atwng co]]ectwve]y-exhaustlve a]ternatwves (see P. ) for
—evaluation via the MAM framework. It was a]so'expressed that the
“alternatives should overlap as’ lwttle as posswble (1f at a]]),

that is, the a]ternatwves shou]d represent c]ear, dwstwnct'* o

actwons -- no portwon “of whwch are 1nc1uded thh1n the doma1n of
another a]ternat1ve so]utwon bewng eva]uated Such distwnctwon

is known as the mutdal exc]us1v1ty of deﬁlned a]ternatwves

‘ It rema1ns 1ron1c then, to now state that some mu]tmp]e B
a]ternat1ves prob]ems by the1r very nature and substance,:'
prec]ude such mutua]]y-exc]usxve so]utions. At th1s pomnt of

amb1gu1ty, the best teacher is an examp]e

Conswder our earlier cyt]wcal optwmwzatmon Tiiuét&ap%aqfinif]r.‘

: wh1ch the flna] co;poswte so]utwon Vector was-;‘ RN

PRU

[xl X2 X3 X4 X5]—t3 1 2 3 53

‘ __e_th;s_snlu+1nn 1nto,context As a po]xcy a]ter-

)

Riwie

native to the management of enrollment’ dec11ne, you have chose to

‘ reva]uate fwve elementary schoo] sites for c]osure, based upon‘v

"f1ve a‘priori stated cr1ter1a Be1ng the 1ntellwgent and far-‘
‘$ighted person you are (you re we]come') -you dec1de to 1nvoke
- the MAM framework to ana]yze these sites. The resu1t1ng f1ve-‘ﬁ

vcyc]e opt1mwzatwon produced the above composmte vector ~What is;

your dec1s1on?

P .



‘;1nherent in the prob]em 1tse]f demonstrates the . need for the

Toa
Lo
- . . . . -

“a "" ) Coat ,P_? 'u

Those of us experlenced in, schoo] c]osures (you can te]] by

h'the scars) know, that - the c10s1ng of one site -may prec]ude a ot

ne}ghborlng Jeopard1zed' site from 1mmed1ate c]osure, due to the
transfer of ‘students form the former to- the 1atter schoo] Thus
the ch01ce of one a]ternat1ve (e.g. s1te) may prec]ude the

vratlona] se]ectlon of another a]terntlave. Th]S more. 51'uat10n-

'spec1f1c k;]ustrat1on of a generic nonmutua] exc&u51venes

v

: mode]er to beware. v o Lo o “”” .}.'55

e T

A so]utlon to thlS problem 1s ev1dent however._ Choosing the *

»5th site for c]osure, the RHS-va]ues L _-~'.;:-ﬂ~.'f:-'

’ ‘Also, ‘site #5 wou]d no 1onge,fbe a part ‘of the mode]

. 2

W
. XN
E X3

can be recomputed thh i = 1,..., (5 m1ss1ng) and the prob]em
re- executed of , coﬂrse, the enro]lments of ‘the schoots nelgh-

boring the closed site wou]d be increased vwa transferred
students' and cr1ter1a where-enro]]ment was a factor, recomputed

PR
[ ve

Thus 1t is not enough that mu1t1p1e dec1$1on1ng aTterqatlves
be generated d1st1nct from one, another (mutua] exclusivenss,

75fset must demonstrate such d1st1nct10n (mutua] exc]us1veness,

11~31ngut), Moreqver the 1nd1v1dma1 entrxes {of "the- derlved so]utxon o :

PR
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&

VALIDATION OF THE MULTIPLE ALTERNATIVES MODEL
1 \ 2 v -2

. % . ‘
As the final section of Chapter four and ﬁ?ior to commencing

.the development and 1mp]ementat10n of the samp]e mode]s to follow
o in Chapéer e]even, it wou]d be remiss to 1gnoreta most, cr1t1ca]

1ssue of the MAM framework tht is, "Does MAM do what is purponts

‘;to do -=- -the manner in which 1t is supposed to?". Such a demand

for' accountabijlity can Only be responded to with a most hump]e .
(though grat1fy1ng) 'yes.' '

~ Model Validity and Reliability Testinq

'R .
_—

Va]idatjon_of the Multiple Alternatives Model can occur only

through its ability to predict performances other than perfor-

mance in itself (viz. validity), and the degreehto which modeling
results (the solution vector) are consijstent with purported per-
formance (viz. reliability). Validating the execution and
results of a mathematical dec1s1on1ng mode]l thus extends beyond
the sxmp1e notion 6f measurement. In effect the mode11ng pro-
cess must dembnstfete_at a minjmum:

(1) that the decision arr1ved at is 1nd1cat1ve of the cri-"
teria used in the render1ng of that,_ dec1s1on and

(2). that the criterja-as a co]]ect1ve who]e are "predictive"
<. of the resu1t1ng decision. .

For: va11d1ty test1ng of the MAM system, the d1str1but1ona]
characteristics of each cr1ter1on variable must be ana]yzed to
détermine if "a 51gn1f1cant d1fferent exists between teh distribu-
tion of the cr1ter1on ‘measuring the "selected" a]ternat1ves and
the dwstr1but1on representlng the "non-selected" a]ternatwves.
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. ‘srepresanting the selected solytion alternatives actually f Y

P

X

 of dec1s1on1ng models; that is, the test of the modé1€éd

e
oy

A% . e
i 3 ¥ . f . a8

. > . Q

[f the criterion measures are&1nterva1 or- ratwo sca]ed the.anai-

ysis techanue is s1mﬁﬁy a pneway- ana]ys1s of VarTfance procedure*,

where the independent var1ab1eﬂ§epresents whether t%e a]ternat1ve A %ﬁ}

was se]ected (=1) or not (= 0) The results of th1s ANBvA ugoce-
dure would determ%ﬂe if the part1t1oned cr1terxon df@tr1bu@10n’

reflected the 1n1t1a1 1ntent of the criterion coﬁstra1nt focus..;iggeu

If the criter1on measures are nom1na1 or ordina] sca]ed* the use ' ™.
'of the Chl-Squared procedure (with a, (0,1) 1ndependent_var1ab]e7

w

is recommended.. B S e .

. . w . .
. . , - N3

1 : : ¢ A
Reliability testing offers a mew dimersion to théﬂYa]idatjon *

. o ‘.'

~

cr1ter1a S ab111ty td predict future "cho1ces" between mu1t1p1e -
a]ternat1ves _based upon esbab11shgd cr1ter1a 1nter4re1at1onsh3ps.
Thus 1n the resu]ts of a five cr1oq‘a§1node1, we ask the.

' quest1on S ‘ B e 3
w . ; . S (' L ' IHQE
: » .

“  "To what extent tb re]atﬁ@héhios between the crjtérion . T
variab]es'( onstraintS) EXiet in order to permit a ¢ > @
prediction of future so]u%@on dec1s1ons based nge]y ’ '? . 2 ‘
upon theseosame inter- re]atlonsh1p§$' ’ ’ .gva A Q;ﬁ “
. . . IR . B &

Instead of a single dependent (criterion) andl %ndepéndent e “f 3

(decision) variab]e(s), we arg now (1n one exdmple) confronted ﬁf_ 4

with a dichotomous dependent varijable- (0,1; to choose er not) aﬁd

five 1ndependent variables. attempting‘sﬁmuﬂtaneous]y to explain a. ’ﬂ

Lorrespondence between selection, and cr1ter1on alues. This is - "

(obviously?). the protoco] for employing discriminant functions

analysis. App1y1ng d1scr1m3nant analysis, prediction equat1ods
" (linear comb1natlons) are deve]oped to a]]ow “future dec1s1on$
based~upon the model's use of the current constraint cr1ter1a.

Va]idity testing thus, reflects the extent to which the MAM

salution veetor reflects an appropriate partitioning of each of
o

-

k]

r | 186



kY
the vector's formulation. Second]y, re]1ab1f1ty ana]ysxs
111ustrates the degree to which the crlterla re]atlonshlps are so
well deflned as to he predictive (co]]ectlvely) of solutjon vec-~

"~ tor. .nc]uswon versus exclusion. "

Tndividua1 vs55CollectivesCriterionﬂlmpact

»- we have releratedamany times the superlor quallty of - the MAM

- system in contro]11ng for-the impact (and 1nf]uence) of 1nterac-
tive effects In the prgvious sectlon, ana1y51s -of var1ance$

. procedures were reconmended to test the va11d1ty of decision
modeﬁlng per individual criterion. However the MAM framework -

- does not ‘exist in.a criterion- vacuum, but rather supports a
co11ect1ve criteiron influence upon decisionmaking. The use of
.discriminant functions to 1l]ustrate thﬁs collective influence as

a measure of re]lablllty, is con51stent with the focus and 1mpor- o

tance of interactive-effects modeling..

] ®

[

v

~¥ A more- detalled 1nvestlgatlon 1s requlred of the 1nteract1ve

-

effects by the mu]tﬁp]e compet1ng cr1ter1a because ‘of the addi-
tlona] reldance upoq~qycllcal opt1mlzatwon and the resulting com-
p051te ganerated so]utlon vettor. Only through the ~use¥of . X
predlctlve 11near comb1natlons, can the true "predlctable" cri- -«
terion impact be understood K '

3

;- . R .
.v«‘, L L v a .\A

, . " e %,
N S 47

. ‘ @ Y , Sy . o .l ,

o 'Comparative.Effects from'Maih-Effects Modeling . -

L]
1&?“". ’ ) ' ] » TS
i An earlier’ dlscuss1on of the use’ of the comp051te variable

w rankﬁnq (CVR). technlque for ana]y21ng potential solution
a]ternatnves, 1ntroduoed the maln effects modellng approach to:
mﬁﬂtlpge a]ternatlves The results frpm the‘CVR procedure can be
*glrect]y compared to.thg MAM resylts for overlap. Tnd1rect1y,

%" ) b (‘ . “e @
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‘the CVR so]ut1on vector can be utwlized as the 1ndependent
svariable to an ANQVA procedure, or as the dependent variable to
discriminant funct1ons The resu]t1ng statistics can-then be
- ‘matched agawnst the same statwst1cs resu]twng from an ana]ys1s of
MAM results; and the "d1fferent1a] 1mpact" per crwter»on, and
,co]]ectwve]y across a]] crwter1a compared

The reader is cautioned however to remember that-the‘CVR
) approach does not control for inte}active effects. Thus any;par-
\'ﬁicular cho{ce‘(solution) takes into account only the mearsures
of the criterion analyzed iﬁdividua]]]y It is reasonab]e to =
expect then, that CVR results may produce more aggreeable ANOVA
- comparisons. The "proof of the pudding" however will 1ie in the
matching of the results from the use of discriminant functions,
when all crkterwa all taken into account simultaneously (which is
also reality's demand).

/ : » ’ B - g

‘Non-Negotiable Solution Alternatives

" You might ask, why -go to all this trouble in order to analyze
- a multiple alternatives situation? Clearly, a great deal of |
'effgrt is required to define_the‘criterie, measure and inﬁut tﬁem
to,the model. Is it all worth it? And if s0, why?

An organization'spbagde, ambiguous'(and otherwise 'wishy-
washy") approach to decisioning might 1ead the casual observer to
‘believe that the. resulting decision can likewise be non-specific.
While this may .often occur, the actions derived from the deci- W
sions will not themselves pe vague -(although they may be ,
incoherent). And the results of'these actions will not be ambi-"
guous (though they may provide worthless or even disastrous).
Decision making, especwa]]y in’ the mu1t1p] ®iternatives arena,
~ is neither as easy nor as simple (non comqj;x) as some people

lead others to believe. ; s
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Aruitoxt provided by Eic:

te -

v

Multiple alternatives decision-making can only be rationally
accomplished via the use of defined criteria; and the conscious

control of the criteria's competitive interaction. If you as &

- decision maker can accomplish this successfully while discounting
the MAM framework we are most humply impressed.

However, if
hav1ng read the previous pages you can now recognize the
comp]ex1ty of mu1t1p1e alternatives decisioning, and the require-
ment- for ‘a structured framework in which to evaluate these alter-

&

nat1ves -- We rest OUY' case'

9
7
r
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‘ . PART II *
" PRESENTATION OF A FULL FORMULATION
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Finction’of ‘Context:




S0 THE CONTEXT

) The eva]uatmon of 1nstruct10na1 obJectxves,.ava1lab1e soft-.
-Q'}ware for 1nstruct1ona1 implementation, and compatible hardware
‘ éunlts rank among some of the more ‘complex decisional problems
) fac1ng educat10na1 professxona]s today. Like the issues of .
'selectlng school sxtes for closure and determining potent1a1
ﬁj&aprogram units for roll- back based upon declining enro]]ments and
1]5E#§§”d1‘"9 fmsca] revenues respectxve]y, a h1gh1y structured and
ﬁhemedxtated eva]uatmon technmque is required in the.reliable
§§ assessment of va]xd cr1ter1a for determining which of the vast
array of 1nstruct10na1 obJectlves are best addressed via wh1ch
.packages on what mlcrocomputer systems._ We w111 exp]ore this’
o eva]uatmon decms1ona] environment more closely before presentmng
:;‘a Mieans for reso]vmng the ‘problems associated with matchxng the
:f fdes1red 1nstruct10na] design-to computermzed hardware and sort-
( f;ware components.

S

S
T

”‘IntroductiOn »

Ly

The use of data processmng technoﬁégy nghmn the educational

”?ﬁdomamn has over the past severa] years restrlcted itself almost
'”?5totaJ1y to such database management ‘efforts. as mamntamnmng stu-.
r-ifdent and . teacher personne] files, purchaSIQg and 1nventory
"j}{contro1, and other accOUntmng/bookkeepxng act1v1t1es. More
f}ufrecently, and with the advent of affordab]e mmcrocomputers for
""ilndlvxdual bum]dmng 1eve1 use, e]ectronlc data process1ng activi-
:3[t1es have taken a firm hold of the 1nstruct10na] realm of the
i ,.'educatmonal enterprmse. .This has been espec1a11y true “in the
'Fw such classroom-oriented act1v1t1es as’ computer assxsted 1nstruc-

)._.

“-ition (CAL): and computer-managed 1nstruct10n (CMI)
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Act1ng as the c]assroom teacher S adJutant the m1crocom-

__bputer provides the hardware (e]ectronwc equ1pment) and ‘software

&;;(actual 1nstruct1ona1 program mater1a1s) components: necessary to .

{Qi-promote a reasinably valid and reliable relay of 1nformat10n to

~ the user studept for the purposes of 1nstruct1on, drfl] and eva]--

‘uation” (CAI) . With add1t1ona1 sophwst1cated software th1s
;electronwc "r1ght-hand person"'1s also able to track the perfor-
'mance and progress of each 1nd1v1dua1 student, compare that

progress w1th both local as. we]] as- prescrwbed norms, and sche-'}

du]e each student for' either remedial, normal or enriched
flnstructwonal activities based upon as. assessment of the
: student s performance (CMI) '

s -

o
-

E Swnce the overa]] cost of posseSSIng an 1ntegra1 mxcro-‘ S
system_has become more reasonab]e over the past two-years, such
‘standalone m1crocomputers as- dmstrwbuted by the Apple
"~Corporatwon, Tandy Corporatwon (Rad1o Shack) Ohio. Sc1ent1f1c,.f

‘Texas Instruments, Pet Conmodore, and Health K1t, are becom1ng as
'conmonp]ace as ‘the standard ten-key add1ng machlre was some few ’
"decades ago. And with. the ons]aught of . hardware mach1nes, has

: a]so come” the pro11feratwon of ready-made‘ software programs. and a

packages available for use w1th1n tHe each part1cu1ar system

be1ng marketed Untwl recent]y, software dés1gned for one system

has been unusable on ‘another system'-and thus, se]ectwon -of one
part1cu1ar m1croprocessor brought with 1t the forced acceptance'
_of the- ph1]osophy, goals and related act1v1t1es of the software
:'supported by the part1cu1ar operat1ng system 1nvo]ved '

Today however the days of system-restr1cted software are
numbered with software mater1a1s being coded for accessibility
to- many’ of the more popd]ar hardware mod:ps on ‘the market. And,
as-were once. the textbook pub11shers :conglerned with usab]e work--

- book materials to comp]ement their majdr 1nstruct1ona1 texts,
- their same- research and deve]opment energ1es are now d1rected

. !
o
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_ab]e a]so recent]y, are dlverse coded packages for use 1n the | ,;;;7

- admmnstratxve arena of the school sett»ng._ Software packages 1@14

v‘desmgned to perform such schoo] management app11cat1ons as

- salary p]ann1ng, student data recordmng, property management

' 'educatxonal scene, - theﬁmore 1og1ca1 dec1s1ona1 sequence for se- }f=_
iy 1ect1ng a-machine rema1ned in determ1n1ng the ut1l1ty of ;

--~ab111ty to program the requlred app]1cat1on(s)

and_ma111ng ]abe] generatjon are. now avamlable to the pr1nc1pa1

_purchased a hardware unit for. whatever reason, and then rev1ewed
‘the ava11ab111ty of appropr1ate software for 1nstruct1ona1 and.. .
'management act1v1t1es -- unfortunately d1scover1ng that the more

'accountmng, payro]], personne]l data record1ng, mark report1ng

as readily as CAI and CMI packages are to thevclassroom teacher,.fi?j§i-
w1th the 1n1t1a] 1ntroduct1on of m1cr0processors on. the
ava11ab1e software. f1rst, and then the para]le] ut1112ab141ty of

the hardware compat1b1e with the software chosen. Many schoo]s"jf
neverthe]ess chose a rec1proca1 course of action -- that 1s,

read1]y acceSS1o1e machmne was use]ess un]ess in-house. software ,.*[
could be developed u51ng one of the: cdmpller 1anguages, and a]so-

““fhng that few if any schoo] personne] had the tra1n1ng or

1,

The emerg1ng w1de spread ava1lab111ty of software packages
compat1o1e to many of the more popular: hardware systems on"*

' today S mark@t prec]udes many of the 11m1tat1ons }nv01Ved 1n thelt'

chwchen and egg controversy 1]1ustrated above._ However ‘the

sogh}stwcatwon and reg1men of - today s hardware software decms1ons

< are no- 1ess comp]ex or: comp11cated based upon the d1vers1ty and
e versat111ty assoc1ated w1th the software compat1b111ty and hard- .

.
L3

_ware acceSS1o111ty. In fact the dec151on1ng structure cou]d be
 said to now, be more comp]ex, since such a wide d1versxty of

potent1a1 cho1ces -- m1xes ‘and matches -- are poss1b]e 1n the




- - . s ’ : : r . .
fma] des1giiof a. schoo] based data process1ng system Utl]]Z]ﬂg
—--the*m1crocompﬁter‘hardware foundat]on. ‘

-

" The MAA Situation
: ;qn The opt1ma] cho1ces assoc1ated w1th match1ng ex1st1ng and/or
1:desm5eab1e curr1cu1ar obJect1ves and 1nstructlona1 act1v1t1es '
'1"w1th avv11ab1e CAI/CMI software, ‘and the - array’ of mlcrocomputer N
;%}%Systems compat1b1e w1th the useable software -- ex1sts as one of
, the more comp11cated app11cat1ons for wh1ch the ut1l12atlon of s
the MULTIPLE ALTERNATIVES MODEL (Who]eben, 1980a) is spec1f1ca)]y
‘sulted Such a multiple a]ternatlves ana]ys1s (MAA) s1tuat1on
> is really‘a comb1natxon of . s1x under1y1ng sub- dec1slona1 systems
: which. 1ntegra11y represent the. m1x -match so]ut1on requlred

wThese sub dec151ona1 systems can’ be defwned as

[ij_the curr1cu1um subsystem - that 1s, assess1ng
~the d1fferent1a1 strengths of‘yar1ous ﬂnstructuonal
activities in. prov1d1ng the- foundat1on for va11d . _ v
o “-sat1sfact1on of currucu]ar goa]s and - object1ves, ,ff'i~" ;' d{
L and. the. ultimate- accomp]1shment of the spec1f1c A
S o;zipt ]earn1ng des red . o

VLZj;fthe program software subsystem - fhati' R

assess1ng the d1fferent1a1 ut111t1es assoc1ated e ﬂ
“with each of the ava1]ab1e 1nstruct1ona1 CAI.or

CMI packages i romotlng the 1nstruct1ona1

_act1v1t1es unde;?y1ng the" purported desggn and

deve]opment of each 1nd1v1dua1 software unit, '
~and its emphas1s upon concept 1ntroductlon, : e ﬂ“‘
i}act1v1ty dr11] and pract1ce, and assessment ' ”/j_,

" ".of 1earn1ng which resu]ts,




L

{31 the hardware machine subsystembi-- hthat is,
- ‘assessxng the d1fferent1a1 ut1]1t1es associated
w1th each of the ava11ab]e m1crocomputer systems
',and the1r concurrent support of such requ1red _
perxphera]s as CRTs, pr1nters, dxsk storage unwts S
' centra] memory capac1ty, -graphic. p]otters, and _y
1nterfac1ng potent1a] Tbrger ma1nframe systems,

»
+
L]
-n’

141 the curr1cu1um/software subsystem --" that is

'assess1ng the degree or extent of capab111ty in
matchwng some_subset of the 1nstruct10na1 goa]s |
(activities,'objectives) with def}ned character-
1st1q§ of software packages, and the u]t1mate ‘
accomp11shment of "the spec1f1c concept 1earn1ngfii
u'requ1red for 'normed' performance and progress, o

- 51 fﬁé Software/hardwareTsubSyStem;[“"that is

assess1ng the degree or extent of . capab111ty in ‘
match1ng some subset of  the ava1lab1]1ty software
,packages to ‘the operating character1st1cs of the
~varwous hardware systems, and assur1ng that the

.ig_ Sl to the hardware units: se]ected, and
| "~{6j"the curr1cu]um/software/hardware subsystem .srﬁiy .
AR ! i * ‘

Thus w1th1n each of . the three masor systems re]ated to

e .
curr1cu]um, software and hardware 1ndbv1dual]y, there exists a

| sub MAAdnodel 1nherent to the overa]% mu]tlp]e a]ternat1ves

.‘4»‘
- ~/ *
R
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.

:»,dec1sxon to be made We w111 not dwegﬁ upon the obv1ous, but to
1]]ustrate the concept of mu]tlp]e al rnatlves analysxs, and its =
'-.,re11ab]elmeans in mode]1ng th]S CAI- reTated dec1sxona] 51tuatlon.‘

v “ i
. .. \‘

: W1th1n the curr1cu1um subsystem, the mu]tlp]e a]ternat1ves
\iare deflned by the varlous 'a]ternat1ve' act1v1t1es ‘which: mlght .
; be executed to satﬁsfy stated 1ns%ructlona] obgectlves, and 1h '
‘"'1turn the fa]ternat1$e obJectlves whlch m1ght be satlsfled in -
*order to br1ng about the des1red conceptua] ]earnlng The m1x/
‘*.fmatch of potent1a] solutlons to this de]xmma 1s 1]]ustrated by. .
the . varlous comblnatlons some acthhtleS “may- form thh other ‘
';act1v1t1es in satlsfyxng the u1t1mate conceptua] learnlng ,
'demanded of the 1nstructlona] subJect area or grade Teve] deflned

N

| The software subsystem prov1des a dlfferent form of m1x1ng
_-and matchlng for flna] solutiong 51nce dlfferent software packages
.may or’ may not comp]eqsnt each other - but ‘do portray vary1ng
-measures. of effectlveness, eff1c1ency, satlsfactlon and cost wh1ch
e‘,,are 1nterna] to the individual’ packages themselves. - Thus whxle f”fﬂ:
:;a partlcu]ar package may in fact promote rapld and effect1ve
1eaﬁn1ng, the costtof this same package may be an ‘ultimate factor _
T, 1n prec]udlng the software unlt from formlng part of the. so]utnon._ -f

L F Se g LA ) ) R
".' oAl SLL R i :

s “

A fnna] examp]e bf the apy 1cab1]1ty of MAA and 1ts utll]ty
* 1n modeJ1hg these CAI requlr "nts can be. w1tnessed w1th1n the. '
soﬁtware/hardware.subsystem. Here, the cpmpatlblllty of each ,
', 1nd1v1du5h software unlb for the, partlcu]ar hardware (operat1ng) - -
system 1n ~Tuded as a potentlal purchase, 1s contro]]ed for. “As 1'[, '*?
was a 83 on’mlstake some few years ago, the’ model for eva1uat1ng '
"~ the mu]bgp]e a]ternatmves anolved 1n choosxng the best match o
_between de 1red ]earnlng outcomes, ava1lab1e software packages, R
'.and compatdb]e hardware systems must certaln assure ‘any. selected
software program wg]] be functlona] on the hardware system '

‘purchased. . " - Lel

A
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< Inftial Assumptionsui3f'ffb'

x

As w1th a]] mode]lng s1tuatlons where:n some aspect of a il
decms1ona1 env1ronment or milleu 1s to be simu]ated (1 €. tested -

- for potent1a] 1mpact based upon expected occurrences) there EETLEY

"-estt some basa] assumpt1ons wh1ch the mode]er must address,,” nd -
. 0 3
“be, perm1tted to acknow]edge 1# the f1na] deve]opment of the

ey

?.,dec1510na] mode] " For" the MICROPIK mode] key assumpt1on§ w111

&

r'?invotve the ava1]ab111ty of (and/or acce551b1l1ty to) quant1f1ed
";'cr1terlon'measures for compar1ng the var1ous subsysfem m}xes of
e!dnstruct1ona1 act1v1t1es, software*and hardware “the degree to o
"ffwh1ch the c]assroom teachers w111 sub:tt to- def1n1ng the1r courses '*+):
K;and subJect matter 1nto spec1f1c differentfated 1nst*uct1ona]
‘w'unwts (observab]e act1v1t1es), and the extent fo° wh1ch dxfferent
’Efwnstruct1ona1 disc1p]1nes (mathemat1cs 1anguage arts, s&1ence,
.ff~1ndustr1a1 arts, hea]th educat1on, etc 0] can.be;co term1nous]yig,
mode'l (together) B ‘ W e RS .

e
oY 1 .

A

uThe f1rst assumpt1on ---thg ava1|ab111t¥ of va]td and re]war:~

°»,'

4 b]e cr1ter1on measuresisuwtabTe for evaTuatmve compar1son ---1s
}_51ntegra1 to deswgn of the MAA mode]wng framework and therefore
- "a sine qua non requ1rement for cont1nuat1on thh further mode]
,-:constructmon.. However these measures do not have to ex1st 1n e
- the a: pr1or1 sense to mode] desmgn but“j, c0urse must be aVamla- 7,~-1%‘
;-;'b1e for successfu1_mode]1ng execut1on )
_5;Such data gather1n§_ ny
';ds1tuat1on, in wh1ch measures .of- effect1veness, etc._are co]]ected
;f“,based -upon observed (or perce1ved) perﬁormanee. ‘S+nce—manyLbf =
".pthe cr:termon measures related” to software and hardWare wml] have.‘;

ﬁdec151on formu]atlon.;'d"'-
“olve a quasm-exper1menta1

:qu1rements w1]1 a

to. be assessed byﬂthe model bu11der a,re}ated assumptvon exxsts'f f*af
that ‘the number of‘software packages ‘and- hardware Un1ts for “the
1ntended mode11ng eva}uat1on be . ]gmwted to a. set oF I?ke]y cand14;'
dates, and thus reduce the necessary comp]exmty of the mode1 to
be constructed ,'h~:7 R . g




‘realize, is the delineation of instructional concepts\and‘goa]é

The second assumption, and often.the most difficd]t to

into a finite set of observable and performance-related instruc-
tional activities.. Although the resent rebirth of demanded
specx#’cwty and measured accountﬁB1]1ty for the c]assroom teacher
via such implements as the student learning obJect1ve (SLO) in
assuring the performance output assoc1ated with ]earn1ng, many
teachers seem re]uctant‘to ;Pecif1ca]]y identify which activites

<

e 5. _'#teaCher has evolved through such

rhetoric as aCademip- r'fé =f¥nﬁ 1nstruct10na1 aytonomy into a
'not-to-be- quest1oned' professional, with an internal code of

ethijcs but without the presence of an externa] monitor. The

7¢011apse OF the year]y teacher evaluation into a 20-minute

observation of c]assroom tact1cs' and the absence of in-service
anstruction for 1mprov1ng the performance of the "exper1enced
and tenured" staff person -- point to many of the failings of

"'the educational domain as a managed and controlled environment.

L

e

To successfu]iy mode] the.evaluation of instructiona]\activ-
jties against avai]ab]e software and hardware components however,
requ1res that such a-delineated framework of 1nstruct1ona] ob~

* jectives ex1st. Again, such de]1neat1on does not need to be in

existence at the qpmmencement of modeling construction -- and may
proceed as the remaining parts of‘the model are developed.

~'y

f:fx'IWh1Ch desired learning outcomes.

; The third and fjna] key assumptioh on the part of the-@ode]er

as this CAI-re]ated‘mode] is constructed, remains the extent to
which the total instructional system ¢1.e. all d1sc1plines) are
modeled within the Same_formulatidn. For most purposes, it will
be'neceséary'(and aceeptable) tdﬁmodel each d1sc1p11ne {

'separate]y, and thus not constrain the decisional solution to

be a resolution compatible to all aspects of."the- instructional
m111eu. This has many advantagesugs well as- d1sadvantages, but .

At

B L 7
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remalns a more workable format, and one which can be more easily.
,'descrlpt1ve of the partxcu]ar disciplinary/area.

1

: 3 .
. : ]
& L

Projected, Expectations ,

e
s *ThefMICROPI%%hodeiEr is cautioned to'remember” that the
pesulting cr1tq;1on-refereqced simulation of selecting the most
approprxate sofdware and hardwape mix for optimal satISfactIon ,
of pre-stated instructional ObJECtIVeS and “pre-defined instruc-
'txona] activities -- dumy:to the complexity of its structure, and
the nJer~fane validity nggp its processes -- will often lead
the ,general popu]atxon (admwnlst&ators and teachers) to beljeve
its restlts {i.e. decisions of ﬂ?tch as the “gospel accordxng
" to MAA". A]tbOugh this author certainly’ does not dIScourage such
diswipleship, it %s reasonable and prudent to understand the out-
put of the CAI-MAM designed system as the best- ]1ge1y decxsxon
basediupon the criteria defxned and the mode]xng formu]atxon
constructed t;;u.
- Oftentimes, certain specific requirements of a particular
. decision will not (or can not) be sufficiently modeled (that is, °
1ncorporated within the decisio model design). If the modeler
. recognizes th1s fact, no compromx?e to tHe system is realized.
. However, the expectatxons of individuals effected by their - o
understandxng (albeit rudImentary) of the modeling framework will
« of ten be impacted by such a conscious (or unconscious) omszIon;
Many cr1terxon references may have to be applied to the formation
of the final solution after surveyxng the results of the model's”
execution based upon the criteria input. ‘Such a subJectxve ' o
addition to an otherw1se 'objective" modeTiis not compromising
. to the modeT,.as long as the subJecthe crlterxa is agreed-upon
- as valid input to. the final decision; and as Tong as such add1t1ve
processes are- consxstent and visible for examxnatxon

_ EE ‘ .
_ J> e
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' The c1assroom teacher in particular, must be 'brought to

. understand the decision model as a 'best” match' bt multiple
a]ternatives. Teachers are often hesitant ‘to. adopt or accept a
decision which is not perfect' -- and therefore have some diffi- .

"culty in accepting the idea of optimality in prob]em resolution. ;f B
Nothing has provided more of a barrier to the adootton of " CAI an&
microcomputers w1th1n the 1nstruct1ona1 sett1ng, than exact]y #

. this fee11ng of CAI be1ng 'not as good as'-the f]esh andvbldo '{g
teacher -- and therefore additional -expenditures ShOU]dybEé%w a2
~d1rected towards greater teacher recruitment and concom1taﬂw
'reduct1on of teacher-pupil rat1os, rather than the acqu1s1t1op
‘m1crocomputers and packaged software. '

of

tEi'pecte& Difficulties

~Severa1 barriers and/or pitfalls can be expected during the
initial des1gn and formulation of the. dec1s1on1ng model, and |
during the exam1nat1on of its output (mode]ed decisions). Some
of these are model-related while others are user-related, and Q
“have been alluded to earlier in this paper. ‘

The ‘major, and probably.most ‘key! problem to be overcome by
the modeler for acceptance of the MICROPIK framework, refers to
the use of quant1f1ab1e measures (i.e. numbers) for measur1ng
everything from effect1veness through perce1ved satwsfact1on, and
requ1red revenue expenditure. Mathemat1c1ans have 1ong since

given up on the critics who hav1ng claimedsthat ‘not everything
can be related to numbers', . proceed ma1n§§§n that‘(therefore)
'nothing should be'. - However, eﬁch odelingasituation will not .
-be devoid of such critic€sm, nor will any a l
retort be useful. Gbviously, all things cam*hot be modeled in a

' quantitative sense -- but those that can, Shoqu not be jgjnored
7'because of the conflict which may arise.b Valid referencing and

g P

ptaoletrespohee or
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sca]inngf criteria, and their reliable measurement -- are. the
best (optimal) defense to the numbers-critic.

Other d1ff1cu1t1es have been referenced in precedwng sectxons,
_1nc1ud1ng the reluctance of teachers to def1n1t1ve1y spec1Fy the
relationships of activities to concepts learned (and obJectaves
satisfied), the perception of compromise based'upon optimization,
. and the acceptance,of modeling-by-discipline r&ther than jncluding
" the full needs and demands of the school setting -- although this
last problem canhoften be aﬂstrong factor in the acceptance of
results on the part of the individual disciplines or subject areas.

' An additional difficulty to be faced by the modeler.will
concern itself with the concept of 'collectjve exhaustiveness"
regarding the inclusion of criteria impacting the final solution
or decision. ‘It is a favorite technidue of the modeling crit{c‘

B to announce, "... but what if this particular criterion had been
included in the final design of the solution . would a no®
different decision have necessarily resulted?”. The simulation
design must be ready to incorporate additional criteria *for pe- °

‘execution of the or1glna1 modeled framework; and thereby be éb]e
to detect any differential solution formulation based apon the 8
existence of new criterion measures. And at times, the modéMer o
must also be ready to state categorlcally, and be ready to- defend
the p051txon, 'enough is enough' '

8
a

A final maJor dlfflcu]ty to be faced by the mode]er and the °
eventual acceptance of modeling results will concern: flrsﬂ the’
validity of the criteria selected for impacted and_construct1ng
~ the solution, and the parallel validity of the references
(sources) def1ned as produc1ng these measures, and second the
reliability-of the procedures ut1112ed in ga1n1ng these required
measures. Data will sometimes be avallable via records, other
times v1a standardlzed 1nstruments, and sometimes on]y through

176
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%} the administration of a subjective]y—basedfdpinion %uestiohnaire.

t' Advance planning and careful imp1ementation of the datangather?ng- N

" portion of the model building sequence, will have great rewards ° .
in the endﬁk Invthe same vein, nothing so comp1ete1y nullifies
and destroys»an otherw15e careful modeling effort than the

1nc1us1on of 1nva11d crmterla or use of unre]xab]e measurement

4
techn?ques. Even- though rectified, 'the subsequent resu]tsvof ‘
the mode11ng solution will be viewed with dxstrust.and non=- Y
. . . s ,',;!’: . } v
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Before proceed1ng to demonstrate a samp]e construct1on of

the MICROPIK modea for eva]uat1ng var1ous software and  hardware
ckages across des1reab1e curr1cu1ar and 1nstruct1ona1 obJectlves,

s . 3

_errud1ments of the mu]tiple

B ] essar{ to exam1ne

-

.mqgeﬁlng framework 1n greater technvca] deta11

modeilng»frameWork'~and how_éﬁ;performs the 1ntended eva]uat1ve,,.¢.;7l”
Compar1son,agi;funaX\Se]ec'To Of.a1ternat1ves functwon'“ ; S

N ) ‘romta_relatxvely 1arge
f€;?datES For” Tickire 19%a MaM' B 'b]em.{'Eaj , choo] s1te repre-
“f[ ents varylng,@easdaﬁs of effect1veness, %ﬁ( c;ency, sat1sfactxon
'y, andjﬁxpendjture ‘for each of a’number of cr1ter1on references

(e g capapl gfiggf§olng, heat1n9 requ1rements, bumldzng age,

17é
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'\ ne1ghborhood and prox1m1ty of cher"schoo
absorb transferees 1n the event of the,a

TR

sohoo1'$ c]osure)
fa"cwy( |

T e e
anggthé)r.?bmﬂlty;to '

other schoo]s across the dwstrlct

DL EOTRERS A W
. \ [ ".“ B X .

kaq;”ﬁ However to inc]udg one swte fo\
o another s1te means thatg"good“ aspects of i fto-be-c1osed'
gchoo1 must be sacr

1ced ﬁn order_to

r ' mode]ung of thws deC1swon1ny.bituqtion is known as 1nteract1ve

b w effects: mﬁde Hng (wholeben, 3&80@),-andé§§presents the necessity -

L. 0 #xconstructﬁng $olut1ons sgts wh1%b‘WJ]] 1nvar1ab1y 1nc1ude some
' form of icontrolﬁeﬂ* preférence 1 'ﬁe o?f“mechanlcs as the '

} E'I'The ﬂssue of comqu&il, a1so Feﬁresented in the statement
F- . of the probgﬁﬁ £, S0 f“‘%ﬁ schoo]s for closure in -
§g ”Order to promote certélh Efi-n‘"d'go_a‘]‘s:?of the dwstrlct- and thus

'elated declswons . "how many?" and

[
,k

oy T -v-_.?‘ ’titz* ; o i;‘;

q L .
¢ o,;,'l'he determwnatlon of ﬁh1ch pgogram unit budgets wwl] be -
k,J.%deé“?'s]oned for conﬁ%gped ﬁﬂnd1ng (versus deallocation): 1s another

“examp]e of%ﬁﬁk mu]tlple alternatives framework, arid 1ts superwor -
Contr1oy on to the re%]m of accountable and. crwterwonreferenced

: ,eva] ati and@decws1on -making (Wholeben and ‘Sultivagy 1981). In’ |
' the é%%ca] dea]]ocatwon model, crwterla ‘represent the prOJected -
expendwture? w1th1n edch obJect cost code for each of the ‘units

-y .
,_._;__..__T,:.,E.. ER
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under eva]uat1on- and in add1t1on conta1n perceptua] measures of.

adm1n1strat1ve 1eve1 of expendab1l1ty Once again of course '

exists the dual respons1o111t1es for- determ1n1ng how many program

budgets will be d1scont1nued and whlch ones -- based upon ‘the

interactive modeling effects of the var1ous cr1ter1on we1ghts',
vacross unit a]ternat1ves ; '

The Criterion Vectors

- The multiple alternatives. modeJ;jsfsimply;a'system of -

, s1mu1taneous 11near 1nequa11t1es and equa11t1es which ‘collec- _
tively represents the problem to be solved. Such an algebraic . ..
Tinear system.xs portrayed in ¢Fiqure 1>. Note Row each linear

"combination represents a. vector of values 7 coefficients)

which identifies the_total, measureab1e impact to a system of_the

a]ternativeswoeing modeled. Thus there exists a unidue '

(normally) combination of coefficients‘for each of the criterion

references used as input to the décisioni%@ process The alter- .~

_ natwes themselves are further def1ned as binary éarlables (that
is, taking on the value of e1ther 0.- or 1 (to be excluded in-the
final solution set,,or to be 1nc1uded respect1ve1y) Vector

‘formulat1on for each criterion reference,
SEYSESY 2Xe 233 ST B

' portray1ng i cr1ter1on references across J alternatives, w111
then prov1de a basis’ for measuring total impact to the system as
a whole attributable to the sol tion set constructed. Bounds (or
1imits) to what is allowable
i expressed as vector entries

a total impact to the system are

g

ithin the cond1t1ona1 vector (or
normally named,’ RHS -the r?ght hand s1de) The RHS-values are
the. constants of the equat1ons and 1nequa11t1es mode11ng the
‘system. <F1gure 2) presents a 11st1ng of the four gener1c types

W - des .




of criteria to wh1ch each mode] should address content va]idity, -

and <Figure 33 dep1c;//£hese cr1ter1on entries as members of the

Do ‘modeling framewor% p ev1ous1y 1llustrated w1th1n Figure 1,
L .

ﬂ\

&

v

The"Objective or Optimalityiﬂector.

The rema1nder of the - mode11ng process concerns .the use of an ,
'a. additjonal vector to ‘assist in- determ1n1ng from the potent1a1]y _‘3'

hundreds (or m1]]1ons, in some. exerc1ses) of p0351b1e ' vf
a]ternat1ves, that one, best mix for wh1ch the ‘best, \poss1b]e .
-solution exists. -This process. is calfed the Search for Ry
opt1ma]1ty, and the vector is known as the obJectlve funct1on (or‘ o
.somet1mes, the cost vector). Geometrlca]]y, the obJect1ve func-

tion is a n-1 d1mens1ona1 figure pass1ng _through the n-tup]e

space (convex)'wh1ch is feasible (that is,. includes a]1lof:the
constraints postu]ated through the use of the 1inear’ eq i
and 1nequa]1t1es) and wh1ch seeks a minimum p01nt w1th1
feasible region (1f the goal is to minimize the jmpact of the
objective function's values upon the system) or a maximum po)nt'
within the feasible region (if the goal is to maximize the gixl

P

~defined objectﬁve function's impact to the system as a who]e)Q5

T .

Al

% The Goa],gM'AA and MAM | ‘o o B

\\S1mp1y stated, the mu]tlple a]ternat1ves mode] is a. tech-"d'”h
nique which- seeks to construct a solution set (a vector. ofﬂl
"and 0's), such that this same so]ut1on vector rep esents the -
so]ut1on oﬁ‘i;e smmu]taneous system, constrained: _fa'ser1es of .
competing cri erlon measures (vectors), and based upon the opti-

ma11ty demands£of the obJect1ve funct1on. - . & .

IS"
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B IIﬁ;.MISl'S_iON

. _ _ . .
As w1th a]] comp]ex app]1cat1ons of p]ann1ng, des.gn nd

deve]opment in the construct1on of - systematlc eva]uatwon and

*3“decxslon-mak1ng mode]s, the MICROPIK framework is bu1lt upon a'

"_‘deTineative, deductive base. - The overa11 goal or mission. ‘of the

MICROPIK model is to*.ormu]ate an evaluation and. dec1s1on1ng
procedure, based upon the cr1ter1on-referenced assessment and
compar1son of var1ous opt1ona1 a]ternat1ves regard1ng curr1cu1um;
goa]s, avax]ab]e software and compat1b]e hardware; and ‘to mode}

. th1s eva]uat1on framework as closely as poss1b1e (i. e. s1mu1ate)-
with the estab11shed needs and demands of the schoo] env1ronment'
‘ 1nvo]ved. In a more sxmp]e sense, "to do what needs to be done,
and what the proper]y ordained dec1s1on-makers wo do, if they
only could". ] ~Sounds stra1ght -forward enoqgh do ou not E?jfe?

Missi_onfo_f_. the MICROPIK =~ - | - \)
_ It is the mlss1on of the MICROPIK mode11ng framework to et
: des1gn and. deve]op : :

o

s ’;_ . )
... a mu1t1p]e a]ternatwvesﬂ cr1ter1on referenced
| modeling structure -- eva]uat1ng and comparing
potential m1crocomputer instructional software ﬁf
and re]ated mach1ne hardware --. resu1t1ng in an’
1nformed decision as to’ wh1ch software packages
~and hardware units. are,most opt1ma11y su1ted for
'1enhanc1ng the’ established 1nstruct1ona1 objectives
for computer-ass1sted (CAI) and computer4managed' L »
©(CMI) 1nstructlon wwth1n ghe educat1ona1 enterpr1se.,

. ‘7‘ . .' e
A secondary . statement of m1ss1on isealso poss1b]e dea11ng more
genera]]y with the CAI MAM aspect of the mode11ng frameworké yet

ae




: . 7
Ty . - v +

‘s

- ~more specifica]]y w1th the not1on of dec1swon mode11ng, that 15’ &
‘to. des1gn and deve]op . e

L a dec1s10n1ng s1mu1at1on structure - capab]e of
3ncorporat1ng the, des1red potential dec1s1on1ng
alternatlves of the maJor po]1cy bod1es, and the -
relevant, va11d cr1ter1a adm1ssab]e to the needed-

e

* comparison of a]ternat1ves ~=and 1n :;9] accord
‘with established policy, consistent p ctice, and

mandated\%eiafprincip]esand individual rights. . ..
dated legal. princ ndiv it

* While the‘primary'statement of mission (above) deals more’directly _
;’_ with the framework and constructs of the MICROPIK application of
multiple a]ternat1ves ana]ys1s (MAA) the secondary m1ss1on §
addresses spec1f1ca]]y the. foundat1ona1 constructs of the under-‘~f
,]y1ng.mu1t1p1e a]ternat1yes mode] (MAM).1tse1f. ‘

%

Major,Secondary“Goa]s R

As w1th the pr1mary and secondary statements of mlssf”n -
'deflned in the preced1ng sect1on design and deve]opment of the _
~ MICROPIK" mode11ng Framework will encompass several delineative
n]evels:of goa]Sf objectives, activities .and tasks before the final
L MAM StructUre'is ready for execution. The eonStrﬁction of such .
.fa system1c model js itself an exercise in 1mp1ement1ng the usual
'constructs of a more generic "p]ann1ng model”. - A developmental
. parad1gm (roadmap or b]uepr1nt, if you w1sh) 1s essent1a] for the
' -control]ed construction of a re11ab1e décisioning techn1que, and -
that }éghanuevs 1nctos1on of va11d datum“and a]gebraic relations.
- o . v ‘
Para]le] to the normal (major) goals wh1ch would accompany
such model construction (e 9. planning; historigraphic rev1ew,.
genera] des1gn, field-testing, 1mp]ementat1on, and assessment)

183 . .
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certa1n secondary goa]s are of de nStrative_Important within'the";
' mode]1ng episode; and bear 11]um1natwon and c]artfwcatlon at thlS

t1me.' Lo SRR -
B o CL . D
The first, major'secondary,goa] within.the‘design and devel-
opment of the MICROPIK framework, is to maintain'?igiiance upon
thé'mutual-exclusiueness construct . -; regarding both'a]ternatives
1nc1uded for comparlson, and critgria chosen for performlng that
comparison. A]ternatlves shou]d be separate and, 1ndependent
(i.e. mutua]]y—exc]us1ve) of other a]ternat1ves w1th1n the’ model
This of course w111 not always .be de51reab1e, and at times, the
E modeler w111 seek to correlate the usefu]ness of pne a]ternatlve
, based upon the para]]e] éx1stence‘gf another a]ternatlve. This "
would especially be true of. ag 1nstruct1ona1 objectives ‘and -
act1v1t1es mode] where sequent1a1 and progre551ve 1earn1ng and
'_ rewnforcement ‘must be ava1labﬂe*for opt1mal concept 1earn1ng._ L

e

¢

L I «

Para]]e] v1gllance upon the mutual- exc1u51veness of the fol
cr1terwa 1nc1uded w1th1n the mode11ngxframework is a matter. of -
’ model eff1c1ency, rather than a source of unreT?ab1l1ty. As 1n ;
the. past 'dark hlstory of eva]uat1on and declslon mode]wng, the N gfj

/5.fmode] bu11der has.-not a1ways ma1nta7ned the hlghest profe551ona1

S

d/cislons de51réd ThlS procedure of stackwng the {;;c
model’ is not pOSEIb]e wlth the MAM framework, in terms of .n. o
: 1"Cmdmg a mass of 'stacked‘ cr1ter1a to welght 1ntended decls1ons :

standards and ‘has’ therefdre constructed theomodel to best dep1ct e
the. speclétc/

1n a certaig d1rectwon. However, th1s is a maJor concern when : '€j~:;

3 '

addre551ng the construct of cr,terwon co?]ectlve exhaust1veness.' .
‘a . '.. {}y # o o 4 . ]

The ‘next, major SeCOnQ'r§ goal w1th1n the des1gn and deve] 1 {'}:

;opment of. the “ICROPIK fra;f"rk, is Go ‘insure the’ co]]ectlve-:.” n R,
xhaustlveness of . both alternatlves compared, and. eva]uat1ve _ 7

‘criteria utilized. Comp]eteness or system1c totality of theg % .3.

modeled sxmu]atlon is’ of, pr1mary 1mportance and exxsts as. one of

B L ,ag. R
R S 7o .
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the most potent1a]1y comprom1s1ng c1rcumstances regard1ng the -
poss1b1e nu]11f1cat1on “ﬁjmode] resu]ts.x . A
. . ; %.;‘ ; ’. L -.‘\'_,_‘} P K .
W1thout the co]]ect1ve exhaust1veness of the mu1t1p1e { :
p a]ternatxyes represented within. the model, - 1mmed1ate cr1t1c1sm

will be dﬂrected towards the mode] as not compar1ng rall posslble'
dec1s1ona1 a]ternat1ves. Nﬁd, even ‘though some a?ternat1ves may .
be a, pr;or1 determ1ned to be a necessary part of the fina] solu-
t1on (regard]ess of. the1r attr1butes as’ measured by the . crlteria) s
these same a]ternat1ves must be included within the model" in order'
to symmar1ly 1nc1ude the 1mpact to the system as a who]e ‘based

' upon the1rd'forced'_1nc]us1on within the so]ub1onyvector, |

| A%Lment1oned above the co]]ect1ve-exhaust1veness assoc1ated
with the cr1ter1on references must be a,maJor .concern of the
mode] bu11der.‘ S1mp1y statEd, 1f a part1cu1ar cr1ter1on is not -
-a part of ‘the MAM framework then ne1ther 1ts 1mpact upon’ the g ~f .
varlous a]ternat1ves 1nvo]ved norits effect upon the system as

" a who]e can. be represented and contro]]ed Unfortunate]y,vthe e
construct of co]]ect1ve exhaust1veness app11ed to’ cr1ter1a is -
-also one -of - the pr1mary nemeses of the modeler. . W1thout a doubt
demands w1]] exmst to 1nc}ude "new' and 'd1fferent' criterion .
measures 1n order to survey the1r resu]tlng 1mpact to the model'’ s
dec1s1on1ng process; the ".;._but what if ...?"'s1tuat1on has
‘been. mentioned prev1ous]y Reconstruct1on of the model, and, the
““related summaryaof new resu]ts can be- very £%d1ous, time. consum1ng,
and moreover nerve-rack1ng for the mode]er. Because. of the time

) and expense (both- fiscal vwe11 as menta])'xnvolved the actual
1pdependence or hon- co]]1near ty of add1t1ona1 criteria can often

~rgd2 addressed via such ava11a.;e techn1ques 3s parametrlc or non- )

x"p rametrxc b1 var1ate cprre]atlon methods, and/or the use,of a
0 eway ana?y51s~of var1ance procedure (to assess re]atave b1as)

B*.

-

LN

4\_
£ -

\ .,,, , , ; :
. The~th1rd maJor secondary goa] assoc1ated w1th des1gn and
i deve]opment perta1ns to the referenc1ng, sca11ng and measur1ng

- ’
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'.:of these: mutuaﬂ]y-exc1u51ve and co]]ectxve]y@exhaUStlve cr1ter1a.;
Oftentlmes, a cr1ter10n w1l] be deflned (e g satlsfactlon)-whlch
defies dlrect, phys1ca1 measure, and must therefore be referencedn

‘. and-measured via ‘more; synthet1c techn1qus§ (e g opanlonnalres orﬁ' .

| surveys) toobtain modellng 1nput (Nho1eben 1980a° l980b Wholeben E

.+ and Su]]lvan,,1981) ‘In other cases, the method of sca11ng the .

'isought cr1ter1on measure: (that 1s, how quantlfled) w1l1 prov1de F:“

.,gdeclaratldhs of potentna] unre11ab111ty from model cr1t1cs “For_w,

1‘_examp1e ow1tness the ongo3ng controversy concern1ng the use of .; »

 the. agreement contlnuum where1n proponents of the fpve-pognt' o o ..
| e ,#'_' Sk o _

smowery Lo e . ?RBNGLY ) SRR

L W3p§§AGREE DISAGREE ke OPINION . AGR»gg AGREE ':; L

- cont1nuum scaTe "strong]y dlsagree" w1th the"

<

STRONG - MODERATE " -
DISAGREE:. DISAGREE . DISAGREE
R RV B s T @
N .0. : T ,-' :
L whoSe proponents state categor1ca11y, that e ‘W

degree of op1n10n, no matter how sma]] or truTy nnmnformed"a“'j- 3‘;.1

,
- ’ ‘

. “:,

20 '

v The controversy assoc1ated w1th referenc1ng [s) ;;ourse can be p%ff'
often on]y marglna11y defenswb]e by the mode] bullder For - . .
\\'*example, 1f you want to know if parents are dl&%’ﬂaﬁiled w1th the? s
' management and 1nstruct10n of the1r nelghborhobd

as’ a me sure of potent1a1 for the 51te to be c]o

"ntary schooJ
“ﬁ_’an erd of - .
dec]1n1ng enro]]mentfk-_you may not w1sh to- ask’ thg questlon via e
' a survey, "Are you &

5 ""'t

szed w1th your chlldren 5. schoo1?f, in a’

c]xmate of potent1a1 e%mm1natlon of schoo] 51tes ‘Other 'backdbona, _
; o
_“methods will be necessary to obta1n measures of(satwsfactlon, e

»;w1thout pre- b1a51ng the respondent's 1nput~¢ S .»g
. " ‘:a.“J‘. _'.‘-:f"' . /

¢
A f1na], maJor secondary goa] to~be addressed w1th1n desrgn

PR TP

w111 condern the posgﬁble, de51reab1e we1ght1ng of some crlterlon

RErR




. mea§ures over othees SéVera]Atechn1ques are posswb]e‘for this ..
w1th1n the MAM framework. w&aght1ng 1nd1v1dua1 vector entries,
“modifying the RHS-vector and we1ght1ng various solution vectors
from the so]utlon tracking matrix of cyc11c optimization). Not
only must be valid and re11ab1e technique be utilized in the ,
:event that weighting 1s necessary, but so a]so.must the procedure
E for obta1n1ng the dxrect1on and extent of these we1ghts from the

___pnllcy_hndles_heebeyond_nepnca — ‘ -

. b
Se]ect%g{MajOr Milestones , o o
. , , . /
As w&%h all planning act1v1t1es which include a systematic
3 approach t sign and deve]opment as we]T as a{heavy time comit-
tment for 1ﬁ§§§mentat1on and eva]uat1on, severa] ‘points of ¥
———ﬁetentﬁa%—tonceﬁn*—STne—qUE_ﬁﬁﬁ_Ehn be 1dent171ed by the modeler.
Th1s po1nts or decision junctures are 1mportant in that if any
‘‘‘‘ déThy t0 the ‘activities preced1ng the Juncture is exper1enced/
the who]e process will be delayed; or in the par]ance of the
p]ann1ng and networking theoriest,.a 'bottle-neck' formed. For . ;
the reader add1t1ona1 understand1ng of the .developmental aspects
assocwated with model design and 1mp1ementat10n the ]1ow1ng
11st of selected major milestones has been formu]ate;£§§l

'

M-01 : ACCEPTANCE OF THE MODELING ENVIRONMENT
M-02 ": REVIEW OF ESTABLESHED POLICY/PROCEDURE -
M-03 :_ OEFINITION OF CONTEXTUAL NEED/DEMAND -
"f”M;od“”e- STATEMENT OF MISSION/GOALS/OBJECTIVES
M-05 : FORMULATION OF ALTERNATIVES (w/ REVIEW)
, M-06 : DEFINITION/REFERENCE OF CRITERIA. (w/. REVIEW)'
‘ © M-07 : DATA COLLECTION/SCALING (w/ REVIEW)
M-08 i [EARLY FIELD-TEST OF MODEL (COMMUNICATED) ~
M-09 : FULL-SCALE EXECUTION OF COMPLETED MODEL

M-10 : ANALYSIS AND SUMM@RY OF FINDINGS.

187
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M-ll} : VALIDITY AND RELIABILITY'TESTING‘

(M=12. @ PUBLIC HEARINGS (w/JFINAL REVIEW) . yev

. 'héls E SELL HOME AND LEAVE TOWN - (w/0 REVIEW)

This is hard] “an exhaustive ]ist; and\with even a minor .

expressed in the above 11st1ng

Q.

. ‘ ‘}.:'» -\.‘
2

: F1na1]y, the;‘non p]ann1ng theorist' reader must a1so ander-
stand, that the ‘above mllestones need not be addresge /(and

p]anned for) 1n an 1ndependent, separate fashion. ‘Many-facets o?”

. the modellng process takerplace in parallel order (as opposed to
serial); and so several phases of the modellng pro ess w111 be
'ongolng.snmu]taneously . One of the best and most \l]ustrauive

' examp]es of such simu]tahElty occurs durmng)theraTternative.‘  i

‘development phase. \As alternatives are ‘defined-and explored, the
modeTer will find_it hard'not to (in para]]e]) also explore the

-types of cr1ter1a whlch wou]d be useful in eva]uatlng the various)

.alternatlves, how these criteria m1ght be defined, references,
scaled and measured -- and even how they might be formulated
within a criterioniconstraint.Vector for -input into the,MICRO_ K
decisioninotmodel of course, some aspects. are tru1y serjal, and
can not be performed s1mu]taneous?y, for example; the serial |

- order- of the f1e1d_test ersus the full- sca]e,lmp]ementatlon. o

. L3
. ¢

" We will now examin fin specific‘detai] the illustration of = -

the WAA and MICROPIK m1551ons, and the 1mp1ementatlon of their
'stated 'secondary goa]s. ‘

',‘:,,_.1, ) . ’ . 188
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t‘* ¢ of. the, ©
mu]t]p]e a]ternat1ves to be eva]uated hy the M S¢dework. Ihe
‘ reader will reca]] that the missign of. this' MAM; jﬁ'mode11ng _}‘
exercise seeks to evaluate statéd curricular ob3ect1ves and LTI

;1nstruct1ona] act1v1t1es (and their prOJected 1n;7uence upon e,lﬁ;'

i‘- B

‘des1red degree of re]ated concept 1earn1ng)’ tha,spproprlateness
of available CAI/CMI program software for’ 1mp1ement1ng these
instructional learning exercises, and the corre]ated compab111ty g _

‘of existing microcomputer hargware (1nc1ud1ng per1pherals) R
execute the varxous progrmﬂ/‘gftwarevpackages. We will deve]op _' .
‘the a]ternat1ves -portion ‘of the MICROPIK mode11ng framework w1th-' A ;
1n this current sect1on, and reserve. the- next sect.on for an ' )
exp]orat1on of the necessary cr1ter1a to eva]uate and compare '

" these a]ternat1ves.‘ o o a ) - ‘

N

" The reader will also recall, that a1though such an'eva]uatfon ’“wu
of curr1cu]umasoftware-hardware dltérnatives, and. theéir 1nter-- o
.re1at1onsh1ps cou]d very we]] be an end in 1tse1f the author 5"
"over-r1d1ng concern is to posit a dec1s1on1ng model" by which
schoo]s and serv1ce districts w111 be able to make ‘intelligent’
" decisions regard1ng the acqu1s1t1on of computer soffware and
't'hardware, and . its ut1]1ty in fu]f11]1ng stated comp ter-ass1sted

and computer managed 1nstruct1ona1 obJect1ves.
, 2

ST o

. . - -

A Tri-Partite ﬂjerarchy . o . L
— - o x
: As was . demonstrated‘ln the\1n1t1a1 deve]opment of the
"curr1cu1um act1v1ty packagxng"»(CAP) model. (Wholeben, 1980b)

a MAA mode]1ng of dhrr1cu1um obJect1ves/and ,nstruct1ona1
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' act1v1t1es as re]ated to concept learning cou]d be’, demonstrated
v1a a deﬂ1neat1ve'or h1érarch1ca1 framework Cons1der the usua]
—representaQ1on of the concept-ob3ect1ves-act1v1t1es env1ron -

s \ . . I3 .
E—

ct1v1ty Act1v1tyA 'Act1v1ty Act1v1ty Act1v1ty

Actiyity
. 1.01.01, 1. OI 02 71.02.03 | 1.02.01 1.02.02 1. 0%.03
ro ., l‘_ U ) o) ,‘ R .

. .
) : - vt ’ \ : ',-

" The mu]twp]e-a]ternatwves formu]ated MICROPIK mode] seeks to .-,'"
satisfy to some optwma] degree, all concept and obJect1ves- ‘

' related learning as spec1f1ed by curriculum requ1rements | The}1 :

L existence mu1t1p1e a]ternsé}yés’?or MAA evaluation exists i .
* the formﬂfﬁi?on of the varioy activities "Wthh m1ght“ be
implemented’'in order to meet instructional (1earn1ng)kneeds and
~demands. In’ the MICROPIK settlng therefore, all concept and :
obJectwves 1ea£n1ng must ,be Qat1sf1ed -- it remaxns the act1v1t1es
which w111 evaluated for their re]at1ve ut111ty or appropr1ateness '
in fqu1111ng th1s requ1red sat1sfactwon .o .

/'»', I
Ln a more advanced formu]at1on of the MICROPIK mode], where
obJect1ves are to be’ cons1dered\a1ternat1ves avawIab]e for com-""

Jpar1give assessment as well as the underly1ng act1v1t1es which \
demonstrate the execut1on of the- obJect1ve s ‘intent,” it is st1]1
‘the eva]uatxon of the act1v1t1es Wthh w1]1 not only demonstrate
their ut1l1ty for 1nc1us1on w1th1n thg final curr1cu1dm package,

_ ./,}v SR ., . :,, : B
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but aﬂso 1nduct1ve1y determ1nes whether the partlcular obJectlve
_ wh1ch{def1nes their presence will be 1tse1f assoc1ated With the :
~ final soﬁut1on set. The reader should a]so see therefore, that

a]ternat1ve concepts‘ could a]so be mode]ed in this way o ,§\\~,/
I .o '

| Th1s three—]eve] or tri-partite hlerach1ca1 formulation:-of
“the mu1t1p1e:%1ternat1ves structure 1s extreme]y useful to the
: mode]er, should such defined sophlst1catlon become necessary ‘'
',based upon the situation be1ng 51mu1ated As we w1l1 see; %this
”dellneatlve structure w1th1n the a]ternatlves def1n1tlon will ,
“become one of the major mode]lng constigcts to emerge from the < .
__des1gn of the MICROPIK framework

e ' d :

[

3 -
. .

The Sectional Alternatives Vector .

. / C T ’ S R ' .

' A M ° . &
"82cadse the MICROPIK model seeks to eva]date’the‘correS- o
ponding re]atlonshlps between- curr1cu1um software a’d hardware .
- aséwe]] as’ comparlsons within each of these three grioups -- - - ’\%
the ,structuring of mode11ng alternatives may be classified into-

the three major groups:' L : ) . *

. . P
:
PO . . 4

.

{13 curr1cu1um 1nstructﬁ na] a]ternat1ves, ’ S

1)

[23° CAI and other program softﬂare a]ternat1ves, and
31 hardwa and. per1phera1( ) a]ternat1ves.

r . B

As with the tri- artite hierarchical deve]opment of the. curr1cu1um
objectives and instructional act1v1t1es, the de51gn of both the
lsoftware and hardware Tternatives will ‘assume a hierarchical =~ *
sett1ng:_ B ‘ | )
Structurxng the econd se@f&on of the a]térnat1ves vector
(reca]] that the first section refers to the curriculum entries) . .
will be pr]mar11y concerned with dlffe&\nt as

cts Qf the same ' .
€ * ' :

) »

%
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' curr1cu1ar or dzsc1p]1nary framework be1ng modeled in the f1rst

. sect1on For example, 1anguage arts may requ1re CAI packages
wh1ch re]ated to various types of 1nst/ucttons, such as:
read1ng, spe]]1ng, vocabulary, sentence structure, and analogies.
. Severai software packages may ex1st for each of the above five
requ1red areas wh1ch w11} summarlly requireé eva]uat1on both.in
terms of their var1ab1 va]ues between each other (package) and
in terms of their util ty in addressing the stated instructional
activities. The h1erarch1ca] design for this section of: the

a]ternat1ves vector may be constructed as: o
-9 S
. - - SENTENCE e
READING SPELLING ‘;VOCABULARY . STRUCTURE * ANALOGIES”*

F TR S PO Y
[ I N Y R E (R E T I B

’&, Pkg Pkg Pkg ‘Pkg  Pkg Pkg 'Pkg ng Pkg Pkg Pkg Pkg
12 1 2 1 2 3 12 3 12
Y;;.. . _ . ,
-The above seemlngly bi- part1te dasign could easily afsume a more
tri- part1te status % d1fference—grade-]evels for CAI w1th1n the
e]ementary school setting became a new, confoupd1ng var1ab1e for
_modeling within the language arts‘portton of the MICROPIK model.

9 . . - '3
) ' ‘ “ :

The third and ?ina]'part of the sectional alternatives vectbr"
Wil contain'the various multiple alternatives related to the )
7futi1ity of various hardware machines - (and’ their peripherals) in
1‘1mp1ement1ng the evaluated compar1sons between. the curriculum
‘deswred and,the.software.packages which’ best qnstrﬂ’t the re--
lated instructional activities. This partitu]ar collection of
hardware a]ternat1ves can be great]y swmp11f1ed if the modeler
‘1n advance agrees upon 'hardware ngkages for 1nc1us1on w1th1n
the MICROPIK formulatwon Thus, a certain’ model of APPLE (e.q.
'APPLE II PLUS), a certa1n'type of printer, and a certain pumber'

4
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of d]Sk drives. m1ght become the "APPLE“ package and therefore a -
swng]e a]ternatwve for comparwson agawnst the "TRS- 80" package,
or the "OSI" package, etc.. In comparwson w1th the tr1 partite
'h1erarch1ca1 structure of. the 1nstructwona1 act1v1t1es and the
"bi- part1te structure of the'software 1ternat1ves, the Qardwarej
'sectwon of the a]ternatwves vector, woz}aubecome a uni- part1te
or swng]e 1eve1 collection of mu]twp]e a]ternatwves
" APPLE *- TRS-80 - OSI ATARI =TI "
PACKAGE = 'PACKAGE = PACKAGE PACKAGE/ 'PACKAGE ... etc.

N

: However should d1fferent ‘models of the same mwcroprocepsor be
requvred for a]ternat1ves decwswon -making, and should varywng
" types of per1pherals be requ1red for tnclusion within the. fu]]f .
'MAM formulation -- a tri-partite (manuﬁacturer-mode]}peripheral)
re1ationship reappears. Because some manu?acturers have refused
_to keép their software model independent (e.g. some TRS480 II
packages will not work on the TRS-80 III; and likewise for the.
latest problems between APPLE II PLUS and compatibiTity with the
APPLE III), a h1gher ~order’ decwswon may need to be made concernwng
‘not only the type of software and peripheral required, but a]so
the compatwbwlwty of the.'level of model' needed to execute the
- compatwb]e software. The discerning reader can eas1ly see how
‘a quad- or even qu1nt part1te hierarchigal structure may be .
necesswtated by such a complex mu]twp]e alternatwves sett1ng.\§

- . . .

CooT

AN

-

-
P

-Summary ' 1" — R . J o

Thus the a]ternatives‘avectorvfor exposition of the MICROPIK
mode1 fs divided fnto three main Sectfons' the tri-partite
,curr1cu1um section, ‘the bi- partwte software sect1on, and finally

~the (hopefully) uni- part1te hardware section. However‘%he reader
1s_cautwoned regardjng the true partwtlonwng of the hardware
- - ' . ,{
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section .of the alternatives vector. = It is vEry 11ke1y in consid-

';zrgﬁfsh of the problems with the 1ac& of upward-compatibility of

particular system's software, and indeed in the guality-.
differential between peripherals and the type of per1phera1 (e.q. |
graphics p]otters), that the hardware section cou]d easw]y take

o oh quad-part]te characterwst1cs . . AN
¢. In summary then,xthe a]ternatwves vector can be illus rated
‘as fo]]ows v v :
. ; ]
‘ i

i 'CUFiRICUL-UIVj'COMPONENTS |' SO,FTNARE COMPONENTS |  HARDWARE |
| -mmmeemee et e R l
[ ACT ACT ACT| AcT ACT. . PKG PKG | PKG PKG pks. .| PKG PKG PKG.,
.[111213|2122 [1.11.2]2.r2.223 |1 2 3 |-

g N B S M N

v ~ ~
&, ,
= ° Lo =
-} . .
4 L4
. . . )
~ ’. f # ~
- ’ E -
- L ]
" g :
g o ..
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— ' ' THE CRITERIA

.
To fulfill the stated premises of .the MICROPIK model in
determ1n1ng the appropriate m1crocomputer hardware'and software
~in terms of stated Jnstructional requ1rements, the various .
seot1ons of multiple alternatives descr1bed in the previpus topic
mqst be evaluated across various: compet1ng criteria. As was
mentioned in a.prejious sectfon, the MICROPIK decisioning. model
~ requires a total of six Styprs! of criterfon formulations: three
to address the 1ntra-re1atlonsh1ps existent within each of, the
three sect1ona1 areas of curr1cu1um, software and hardware -- to
.aliow cross- compar1sons of the various a]ternat1ves within each
" of the main alternatives' sections. Two additional criterion
sets: are requ1red to measure those inter- ré]ationships which will
need to be codtro]]ed between the sectlons of curr1cu1um Versus
' software, and software versus hardware. It is assumed that the
th1rd possible bi-sectional criterion set which would relate
curr1cu1um versus hardware can be based upon the tr1chotomous
anference resu]t1ng from< the first two bi-sectional compar1sons.
‘Flna11y, a criterion set w1]1 be reserved for an overall, tri-
sect1ona1 eva}uat1on of ,'curriculum v. software v. hardware"
inter- re]atmonshlps. . T ?3

¢

Generic Criterjon Indices

As with a]T p]anhing,and develobment activities, the modeler
will find the utilization of a 'philosophical' model most helpful
in identifying and defining 'types' of criteria which may orove:
useful in discriminating,between*the'multip]e.alternatives. This
is of greatfer 'mportance within the CAI-MAM ,framework due to the
complicated re]at1onsh1ps both between the three general alterna-

"tive sections (curr1cu1um, software and hardware) as well as
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within each of these gehera] sections Before a genera] 11st1ng
and discussion of more specific criterion 1nd1ces which will be ,
of ‘Some benefit to the MICROPIK. modeler, .a mone genus- or1ented

d1scuss1on of cr1ter1on type will be presented .

.

K4

Three categories of gener1c criterion indices" seem to ex1stf -
for all prob]ems of eva]uat1on and decision-making when ~dealing
thh mu]t)p]e a]ternatlves

[T] 1ndex of contextua] need based, upon performance, .

[2] index ‘of relative worth or va]ue, and

33 index of general resource or expend1ture.- P

T@,/lﬂﬂéi of - contextua] need based upon performance is> xtself
a re]at1ve compar1son between the measured states of perceaved ‘
need current performance or use, and observed demand Such con-
t1ngenC1es as where demand 1s greater‘than need suggests e1ther |
an unrea]1st1c understand1ng of the enterpr1se, or. an equa]]y
unrea]istics understanding of the,character1st1cs of whatever 1541-
dec]Z}e&_iin demand*'. Of course,la contingency of need'greater
than demand m1ght a]so po1nt to a- Tack of understandlng of the
-contaxt w1th1n,wh1ch the. organ1zat1on exists. Indicators such as
might 1nd1cate waste (demand greater than performance and/or need)
or 1ntervent1on,(need greater than performance) must also be
faaddressed in some fash1on as part of the contextua] need set of

cr1ter]a - -

K}

The 1ndex of re1at1ve worth or value is often more eas11y

modeled into an evaluation framework due to- its more ‘'esoteric’ o
-issyes of: effect1Veness, efficiency and sat1sfact1on To be f ;a
veffect1ve, whatever is performed (or in our case, se]ected) must“
"do the job". To be eff1c1ent the se]ected a]terHat1ve so]ut1on
* must do. the+ job as qulckly as- possbee, and within the stated
operational, Timits of 'the enterprise (or Tess). And to be
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Identification and Defﬁnitioﬁ\ - .

- use 1n eva]uatmng the currmcu]um, soFtware and hardware mu]tlp]e .
<;a]ternat1ves assoc16ted w1th the MLﬁROPIK framework, an outline

' Setq.0. THE CURRICULUM SECTIONAL

. -
» J

cons1dered satlsfactory, the so]uf1on must portray good‘ fee]wngs

“on the part of all part1es involved; 6r/at the least be consistent

Y

=%

'.1n thws regard. . . e ."h

Q

Ay . ¢
e
The 1ndex of genera] resource or expendlture is a more

dlrect re]atwgg of\a1ternat1ves to those e}ements of capmta]

, revenue ‘and/or expendlture which m1ght be requ1red 1n the final
\implementatlon of : the selected a]ternat1ve. Such resources as:

tlme, space, fac111ty, personne], cost,’ supp]les and materials, -

"and equlpment - w111 alt Be a potentlal partﬁﬁ’thls particular
. CrltEPIOH set

~ M * -
’ s

Nlth these 1deas in mind, we. can now move to a more specmfwc

,deve]opment of sample crlterlon references for the MICROPIK “mogel.

.
@ .

~

i

Ay

To explore the vaﬁlous crwterlon 1nd1cators wh1ch will be of

format w111 be. presented “for the reader s, perusa] ThIS outline

- will exam1ne each of three maJor a]ternatmve sectlons flrst and

then exam1ne4potent1al c?1ter1a for performlng the aforementloned

‘ b1 sectlona] and trl-sect1ona1 comparlsons

A

BEER oo “
N )' .
P y ot .

='(examining re]atjonshipsgboth‘within*currjcu]um
objectives, and between the various, multiple-
instructional activitiesy

5
. . ) ‘ .
. "d B .
. f "
. v .
.

. .
¢ . ' ’ * o

: X
\, s - . ) N Lo ' Y ‘ .
, '1.01 'measures’ associated with performance, need and demand.

e SR ‘ e



1.01;0f perception of school personnel

(administrators, teachers, students) R

' '1,01.02 - observed time spent on classroom instruction:
' - for-various. topics,’ group instruction versus -
individualized or remedial requirements ’

1.01.03 relative importance of the curriculum unit
“based upon district level sy1Tabus - standards
=~ L ' . ‘ 5
1.01.04 relative importance of the curriculum unit
- compared to all'other required curricular units

.1.02 measures associated with worth or value

1.0?.01 perception of effectiveneSs,”efficiency and
'satisfattion on parti of classroom teachers
and students, for each curriculum unit

“\
l .

1.02.02 percepfﬁdn;of related worth or vatlue of
* current implementation structuréfor each
o curriculum unjt

t .
| . .
1.02.03 observed measures of effectiveness as relate
to learning and retention

1.02.04 observed measures of efficiency'as relate to
" ‘time required for different instructional
o strategies '

1.02.05 related uti]ity of each unit for success in
the adult or occupational world-of-work

-
K
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1.03 measures associated with general resource or expenditure

1103.01

~ . <

&

related requmrements fok equwpment, supp]xes or

Gy
[ T
: S

other materma]s <in 1mp]ementat10n of each unit

1.03.02
1.03.03"

1.03.04

'1.03.05

¢ —
hecesééry spack and/orAfaci1ity requirements

related personnel staffing needs.

K 3
measure of relative impact upon other programs
based upon resource allocation

~

related costs and/or expenaitures for each unit

‘based upon text books, work'b@oks, etc:

Set 2.0 ' THE PROGRAM SOFTWARE SECTIONAL
(examining relationships between the various software
packages available to perFBrm computer-g8§sisted

instructional/managerial efforts)

2
\
+ ‘&l

L4

2.01 measures re]aﬂﬁng to the avajlability of various CAI/CMI

b

”ahd“bther*adm?n?sg%atTve software packageé, and their

comparative utility

2.01.01
2.01.02
2.01.03

2.01.04

compiler languages
word processing
operating system Tlanguages

data analysis programs

200
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2.01.05 database management programs

<

3

2.01.06 mﬁhagemént~blanning proghams.l;“

2.01.07 time/project/personnd&l scheduling programs

t n.w.
'. 2.01.08 accounting software 7
b S
2.01.09 specific CAI/C seware packages

2.01.10 CAI/CMI author pilots

S

2.01.11 graphics packages
2.01.12 system editors

2.01.13. information retrieval service

(communications multiplexors)

2.02 measures.;elating to the results of sample field-tests
or use by other individuals, concerning effectiveness
and efficiency in presentation and drill, ,and related
satisfaction on part of using parties |

" Set 3.0 THE MACHINE HARDWARE SECTIONAL
(examining relationships between the variousﬁhardware
= packages available for CAI/CMI and other administrative
utilization)

l

3.01 availability of;\and relative performance jn executing
certain desireable functions

~ 201
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3.01.01

*8.01.03
3.01.04
3.01.05

©3.01.06

3.02 measures
- 3.02.01
3.02.02

13.02.03

mainframes

3.01.02

clock speed (MHz)

\

peripherals S :

' v o ,
: . >

operating ;system specifications ' \ B

_ ) | . ‘

interface compatipility . , ,
oo | |

networking T ’

expansion

of system specification
L )
keyboard type

video display

. (resolution, character width and Tine length;

3.02.00
3.02.05
. 3.02.06
3.02.07

3.02.08

line height) ] e

internal central memory

internal expansion
C

1

external expansion.
internal baud rate

external interface baud rate
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.To perform the bi sectiona] compa?;son which will relate the
curriculum and software sect1ons, and the software and hardware
'sect1ons, the mode]er is concerned w1th estab11sh1ng tauto]oguca] .
. linkages between various parts of each section, based upon the f Ca
<1 final*assessment of the criteria within those sections themse]ves :
'.These 11nkages are of the usua] '‘logic-reasoning' . spec1fﬁcat1on,
and will bas1ca11y control for the existence of.(for examp]e) a 1
Dart1cu1ar software package in the final solution set, 1f and - 'C;J
' on1y if: (1) the curriculum-settional presents a favorable ah} .
cr1ter1on p1cture of the-instructional activities involved; (2)
the software sectional also presents a criterion- re]ated.p1cture
which suggests the 6ackagé is useful; and (obviously) (3) that
such a particd]ar-softWare package-exists. Co-relating the
. software and'hardWaré sections is identical in procedure fo that
just'déécribed for the curriculum and software sectionals:

An additional and somewhat more complex implementation of the
constructs supporting bi-sectional comparisons, exists in thegg
utilization of 'slack' variables. Although this treatmgnt is
beyond the sCope of this particular paper, it w111 be 111ustrated
for the more experienced reader.

Recall the algebraic relation (inequality or equality) within

; the criterion vectors as they describe their measures across all
of the multiple alternatives. Given that there exjsts some
criterion measu;e appropriate for evaluating both curriculum
sectional units and,software sectional units (that is, same
reference and same scaling), the measures across first the
instructional act1v1t1es can be summated and stored within a
defined slack var1ab1e, 11kew1se for a sum across the various
software packages. Such a representation would exist as:
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Act .Act Act Act Act *Act Pkg Pkg Pkg S1K Sk

1.1 1.2°1.3 2.1 2.2 2.3 1.1 1.2 .31 2 RHS
A1 A2 A3 a1 AR a3 -l =0
’ - ‘o Pry P12 P13 - -l =0

1 T +1 2 ba,
A Ny L2
- - | . ~' , +1 ~+1. 2 blz

a
and in this example, assumes that the measures represent a score _
of posxt1ve benef1t to be maximized.(thus the reason for the 2
requ1rement w1th1n the . a]gebra1c 1nequa11ty) -

Many other possibi]ifies.exist of course fof the modeling
of eriterion references in the éomparison of multiple a]terhatiVes,
but are part1cu1ar to spec1f1c s1tuat1ons, and therefore not
—a~ea511y"generaﬂTzed—_“Once—the—reader~masters—the~concept-and
“ .constructs involved, the adaptation of_the methodvto other
. settings is (norma]]y?) straight-forward. '

“Illustration of Criterion Use

Before moviﬁg on to a diStussiohuof‘the various refe}encing;
sca11ng and measurement techniques associated with data generation
techanues for the CAI-MAM framework, it may be useful to prov1de
‘a structured example ‘of how a spec1f1e type of data might be .
collected and input to the MICROPIK model. The 'type' of data i
for 'this i]]usfration is called "synthetic", because the source of i

~its values is ihdividual perception -- and not a physcially-rigid i
‘measurement of .some kind (1ike for example, weight, height or age). .

Synthetic measurement is nevertheless a most valid source of
data for the evaluation of multiple alternatives; and therefore

-
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for inpdt to thédMAA modeling fremework. These measures norma11y
come from one'of’two souroes, and. usua]T} must address the iSSuet’
of * 'measurement reliability’ as a more subjective, intuitive
Judgement. The usual source ]S the survey or oplnlonnalre, where
a respondent s perceptua1 Judgement or op1n1on is squght con-

erning certain issues. For example, the respondent might be ﬂ'.fA‘

presented ‘with a declarative statement concerning -the, issue of .
: pr1or1ty for mlcrocomputer acquusxtlon for an organization who is

'current1y w1th1n a state of f]SE&] depressxon._ The dec1arat1ve
v stetemént mnght be formu]ated as: g

-

" THE SCHOOL SHOULD ASSIGN A HIGH%B_PRIORITY T0

.~ THE ACQUISITION OF MICROCOMPUTERS,-THAN TO NEW---— -~~~

EQUIPMENT FOR THE PHYSICAL‘EDUCATION CURRICULUM;

_and mlght ask the survey rec1p1ent to respond by choosxng a
position on the 6-point agreement cont{nuum (where 1= strong1y
| disagree and 6= strongly agree). As an optional procedure, the

- . surveyer could 1ist (for example) ten competing activites which

require funding, and ask the respondent'to rank-order (1,2,...,10)
‘the actlvitles from most lmportant to least 1mportant (of the ten
1lsted) Here, a 'l! might represent ‘mosf lmportant', and a '2'
represent '1east lmportant' (re]atlve to the ten presented) The
- jmportant thing for the reader to undérstand (you might have

~ already guessed)is, that the first option positions a high-value
as a moré positive response (i.e. positive-in benefit to the
acquisition of micros); while the second option posits a low-value
" as the more posutlve response (1st is ‘best, etc.). The stated
'1mportance lies of course in the structdring of the criterion
'vector containlng either the 1-6 or 1-10 values; and additionally
in the fact that the deCISion-maker Wwill discriminate between the

hlgh and low values 1n opposxte ways dependlng upon the option
chosen. : -
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The second source of the synthetwc measure approx1mates the
first s c]osely as to beg 'a differentiated descr1pt1on ‘This
add1tfo:a] synthet1c 'type' describes the results of a prwor;/
often physically reljable assessment or measure; and® which now’
requires the ‘respondent's’ opwnwon or judgement as to whether -
the 1n1t1a] phys1ca] ‘measure is "good enough", and to what extent
This form of measurement is often the perceptua] results of a
product f1e]d test in a c@ntro]]ed env1ronmenta11y-re1ated
sett1ng ~~ where the product is put under the same conditions as
will be expected to ex1st under .n normal, user conditions upon sale.
wh1]e ‘physical measures such as time, amount of‘work done, type .
'iof_performance, and’ versat111ty_or f]exioility may be the physicaT.
»Gﬂmea'uresrﬂthe~user's"perception’of'utiTity and ‘acceptability will

a]sgeprqie to be very important criteria for eva]uative'consjder-
atlon

The Followﬁng criterion references were included in a recent
evaluation of microcomputer\courseuare by tthe Northwest Regional
Educational Laboratory of Portland, Oregon. (For more information,
see the periodical "microSIFT News", Vol. 2, No. 1, October 1981).

Responses were from a panel of eva}uatdrs who testad the software,
and then offered their judgement via a 4-point agreement continuum.

Although the reader may wish to,discuss‘the varying degrees of
non-specificity associated with the 21-items, they remain still
'iliustrative of the means of data generation, and the source of
quantitative input to the MICROPIK model.’

o

'\_,
The "cr1ter1a for eva]uat1on" were separated into two
categor1es content and instructional: qua]1ty,.andrwere presented
/as’ follows: ' ) '

!

CONTENT ‘\
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{013 The content is accurate;- a

[023 The content has educational value; and
L0331 The content is free, of race ethnwc, sex,
and other stereotypes ) o

INSTRUCTIONAL QUALITY

{043 _Tpe purpose of the package is.well-defined;
. [053 The package achieves its defined purpose; -
fo63 PresentatiOn of gontent is clear.and logical;

[073 The level of’ dwffxculty is apprpprxate for v
. the target audience; - e 7:'
‘[083 Graphics/color/sound are used for approprxatev
o instructional reasons; ‘ ‘
‘Idgj~yUse of the package Is motivational;
[10] The package effectively stxmuﬁates stHEht
*creatwvxty,‘”{
{113 Feedback on student resp?nses‘is'effective1y
o emp]oyeﬁ
[12 The learner controls the rate and sequence of
. presentation. and review;
© [133 Instruction s 1ntegrated with prev1ous
h . student experience; ;
{143 Learning is generalizable to an approprxate
range of situations;
o EiSJ The user support.materials are comptehensive;’
[163 The usér support Materials are effective;
- [173 vInformatxon displays are effectwve,
(183 iIntended users can easx]y and 1ndependent1y
operate the program; ,
7[191 Teachers can easily emp]oy the package,
{203 The program appropriately uSes relevant
computer capabilities; and
.[21; The program is reliable in normal use.
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- ' : AR
The reader can easily witness, that the 1,2,3,4 Qgtions feom the A
evaluator's assessment COU]d\E? mofleled for lnc1u51dh with the 4
h

‘software sectional part of t MICROPIK ‘A criterion constra1nt ,
would be constructed for each of the 21 items of judgement, and .
-t .the 'mean-value' responses-across a$1 ‘'evaluators would be the

the edtrles for each of the vector omponents, such that

K - /'.. <
’ | ¥ A ] .‘/.

& - (Xij).l MINIMUMi for.each of the 1 1,...,21 cr1ter1a' _
) . ' across each of K poss1b1e packages'=

ST - where Xij is the mean response. ° -,

A1l cr1ter1a ---phys1ca1, synthet1c or otherw1se ~ will be ~
similarly mode]ed, and 1nput into the MICROPIK fqawework. |

i
g

4
-

~ Reference and Source

Having iden&ified and ‘defined the criterion measureszqhich
will be utilized within the MICROPIK modeling of the CAI software
and hardware decisioning problem, the modeder must hext turn

* attention to determining 'what! will be measured in-order to

provide a quantified value based.upon the construct of each of

the vdriab]es or'criteria de??ied. In this context, the 'what'

of critehipn measurement is known as the criterion reference --

that is, what the modeler refers to in order to obtain- a valid
measure of the criterion point identified. Then of course, the
modeler must determine 'where' such a measure will be available:
and/or from 'hho‘ if other people must be involved. The ‘where’

and 'who' in this context of criternion measurement is known as - 5

the criterion reference source or data-point source. References

will always involve a determinainn éf;va1idity of the'particﬁlar ,
o , y
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measure, wh11e sources. will a]ways nece551tate an analysis of
re]nablllty The reader must recognize, that pdtent1a1 non-
re]1ab1l1ty can re]ated to the peop]e involved, the place or time

. of the measurement, and the. procadure ut1|1zed in the measurément
process -- that is, the who, ‘Where, ' when and\hgy, The rema1n1n
1nterrogat1ve adverbs of what and why re]ate more c]ose]y with
the determ1ned va11d1ty of the measured criterion po1nt

~
\

Referenges may be-categorized (]dosely,oi'admit) into the
three areas of: phy51ca1 definitional and synthetlc. A physwca]
reference or- measure is one in which a fu]]y acceptable tool of

_\measurement is ut1]1zed to determine the valie or welght of the
' reference 1nvo]ved JIn sc1ence, degrees of temperature, miles of
distance, amd knots of wind velocity are acceptable determ1nants

. Of their associated nces. (temperature, distance and. wind -
L’:s've]ocwt_,/) ' '

~ Definitional references are simple or comp]ex trans-
format1ons of physical measures in- order to obtaln a new datum to
address a defined cr1ter10n which can Q\t be measured d1rect1y. |
For examp]e in the determ1nat1on of school closures, a tota] of
nine def1n1t1ona1 cr1£er1a were designed and tested for the1r
usefulness. in dlscrlmlnatlng between e]ementary school buw]dlngs
in-order to determ}ne_thelr reasonablenéss for operational dis-
continuance (Wholeben; 1980a)‘ Three were found to adequately |

- perform this discrimfnation thermal eff1c1ency, energy waste,

and._thermal ut111ty - by a]gebralcally combining.a particular .
combination of such physical measures as fo]]ows.

thermal efficiency: BTU consumption (natural Qas;” c .
‘ . - #2 fuel oil, and electricity), .
' capacity and current,enr011ment

of the sites;
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energy waste: BTU consumption (natural gas,

. L . #2 fuel oil, and eTectricity)
' T capacity and current enrol Iment
% . of the sites, and the total.
~dollar-expenditure for such

- “» ' utilities; and . .
s . | .‘

o therma1‘uti1ity; BTU consumption (natural gas, B
' ¢ #2 fuel oil, and electricity) .

JRSRsTep DR« SRR B

and the total dollar-expenditure
R for such utilities. T
4 g R . : : -
For example, the definitiona] measure’for_energy waste resulted
from the algebraic representation: .

'TY—| |—$ UTILITY |

| ——I | —|

I I LA N L

N R S B
L caeac | | ENROL

We "have a]ready dealt . with synthetlc measures in some detail.
in the preced1ng section of this paper. Recall that synthet1c “
measures ere normally data points of p ception or, subjective .
judgement based upOn'persOna1:epinion; and thus has all of the .

reliability problems assecjated with subjective bias. However, .
h it must be reiterated, that synthetic criterion references are
still very much an important 'source' of data for evaluation and
decisionmaking. As is the case in all evaluation, the problef
s se]dom the intent; ‘but too often th&tontent -and process used
"1n carry1ng out that intent. '
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Specific criterion references for quant1ry1ng usab]e MICROPIK
.data input w1]1“genera§1y 1nvo]ve the use of several procedures
or tools. Measures re]ated to the curriculum sect1ona] must be
demonstratlve of .not on]y the content and process of the varxous - fﬁ
1nstructlona1 act1v1t1es, but also the relative 1mportance and - |
i degree df duplication existing between these act1v1t1es in the .
-promot1oh of 1nd1v1dua1 concept ]earnlng. Such cr1ter1a as the
,degree of achievement, amount of time required to Tmplement the’:
»partlcular activity, and amount of retent1on by student w1]] be
_dlrect1y related .to the references of performance testlng v1a a v
:number of valid items or. prob]ems c1ock time, ‘and some form’ of ¢* 5
1ong1tud1na] testing ut1llz1ng swmllar prob]em ltem, respect1ve1y i
Criterta related more directly to op1n1on or: perceptua] Judgement
on the part of students and teachers concerning the various .
instructional act1v1t1es will be referenced by (for examp]el some
‘number of statements which descr1be an oplnlon concernlng some
aspect of the act1v1ty, and v1a a survey format gain- a measure ‘
,of 'degree of agreement’ by tha respondent with respect to the | . ¢
/ particular individual items.’ _ . R ‘ ;

-

T

Galnlng responses to the same item (via survey technlques)
from two d1fferent though related %opu]at1ons is 4 direct examp]e
of how synthetic measures .can be transformed in a deflnltlonal
fcompOSIte, much-as the physxca] lllustratlons ear11er in this
“sectidn. Given responses from both studEnts and teachers to an -
identical item on two different surueys:' e i
' .. N . . ’ -a :
uLearnfng how  to spell using a 'spelling BZe{ _
- s better'than_using"thechass“Workbookl"” TTrT s
V | | o _ | o N | N
Obviously, high agreement on the parts of both'teachers'and’ .
students is preferred. However to control not on]y for degree of wﬁ
agreement to the item; but also for the criterion identified as

{degree,oflcon51stency between teacher “and student responses,

211" : . T s
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N the fo]]ow1ng transformat1on may be ut111zed to prov1de a

def1n1t1ona1 measure of cons1stencyf L

-
’
-

'MINiMIZEl (teacher'response mean)_-»(student'response meanﬂ,
.‘where th1s formu]atlon contro]s for between- groups cons1stency
. of response. «A s1m1lar method for contro]11ng the measure of
“con51stency w han groups is to ut111ze’the standard dev1atxons

_.computed for each of ‘the popu]atzons, an formuiated as:

-

DMINIMIZEI (teacher response,standardfdeviatioh)|
RN o e L.

. . - f i ’ R A~' 1t . Y

L) ) . - L2 d . o . . o ’
PP . . AL - .

and <o WS T “:L :

N ~ . _'\.
-y .o .

MINIMIZEI (studentlresponse standard deviation )| L
. . - : S e T
Measures of degree of". ach1evement by students us1ng different -
types of CAT software~w1l] be referenced similarly to those*{deas
expressed abOVe for thew1nstruct1ona1 act1v1t1es Perceptua]
measures,(synthet1c) can a]so be referenced via the adm1nwstrat1oh
of valjl questlonna1res concern1ng fee11ngs toward the exper1ence
'of execut1ng the var1ous packages ,
Cr1ter1on to perm1t the eVa]uaflon of the components oi the
hardware sectlonal w111 norma]]y fall w1th1n e?ther physical or
synthetic rgferences. Such physfca] references as -clock speed
of the CPU (centra] proces51ng un1t) 1n mega-hertz (MH?) equiva—f '
lents- (i.e. how many m1111ons of cyc]es per second -are- performed)
—and. of" 1nterna1 expanswon capab111ty 1n bytes of storage equiva-
i 1ents,(a byte be1ng -a single character of input as def1ned by
| _ ' :“.'”‘.cal character, a numeral (s1ng1e-d1g1%) or a
: specia) charatterfi# %s%)) == prov1de read11y understanda?]e (?)
_illustrations. More subJect1ve Judgements are also poss1b1e ’
concerning the esthetncs"of the terminal face, or the quality
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of the printer. A survey format -of the .'check-1ist' variety is
a useful, tool in gaining such information.

Through_our‘addressing,the issue of criterion references
(that is, the*'what' of our°needed criterion measure), we. have
paralleled the issue of reference source, or from where (whom)
and how such 1nformat1on can be found (or be: forthcom1ng) - The
-data for the currlculum sectional will come from students,
teachers and parents - depend1ng upon the type of criterion

» be1ng measured The process may involve the use of observatlon,

‘ pencil- and-paper quest1onna1re, .standardized achijevement test

or.a structured interview. Information for the cr1terlon to
..permit comparab]e evaluations of the software packages will. be

- measured in a s1m11ar fashion. Additional data for the software
sect1ona1 however can- also be gathered via the "dead data“ ‘
techn1que of rev1ew1ng brochures and records, as we]] as the more
"live data" technlques of observatlon and .survey response

Much of the 1nformat1on required to quant1fy the criteria of
the hardware sect1ona1 will be found via the "dead data" search.
Manufacturer S brochures and ava1]ab1e technical product reports

" provide such reference sources. Journal articles may be also

';,he1pfu1, and so also the findings of.such periodicals as the

‘" 'Consumer's Report'. Whatever reference and source the modelgr

a.

"h'uti1izes for the generation of data points, ‘the cautions corfcgrning

reference va]idity and- source. (procedureal) reliability must be}

ever present in the modeler's consciousness.

JEXcept in more complicated MAA models related to the matching
of instuctional actiVities to available CAI software and compatibfe
hardware, the criterion reference for modeling both the curriculum-
software and software hardware sectlona] will that of 'ava11ab1]1ty_
of the appropr1ate software package or hardware unit. The:$ource /
of course will a]waws be the manufacturer atid d1str1outor.
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Scaling and Measurement

b4

By .
_Scaling refers to the type of numeric which will represent
the measure of the defined criterion reference; and may be one‘of
four types: nominal, ordinal, interval ‘or ratio. The reader is
referred to any standard tests and measurement, or introduqtory
statistics text for operational definitions of these scaling types.,
As-a summary howevgr, the types may be distinguished aé follows
(lapologies in advance to those measurement specialists and/or
statisticians among the readers)’s

— Y

m——

{13 the nominal scale is pure categorical classification
measure of group distinction only; the relationship
between groups is one of difference without reference
to eijther direction or extent; examples are sex (male
v. female) and mindrity (minority v. non-minority);

{23 the{ordina] scale is one-step-up from the nominal type
in that direction or order is now distinguishable for

different respdnses or measures; hoWever, the extent -
betweegn these directional differences is unknoWn, and
:provides~a classic potential for interpre;atfve error;
éxamp]es are assigned ranks and achievement grading >
as defined by 'excellent v. good v. fair v. poor';

[31 the interval sca]é is én impfbvement upon the ordinal

' ‘type in that both direction and extent (or degree)
are now distinctive under interpretation; the intervals
between each of the uniqué measurement points are equal
throughout the scale; examples are age expressed in

‘ whole years, and off-spring expressed in whole units

T (hormally); and

[43 the ratio scale exhibits all quglities of the interval
type, and in addition allows ¥nfinite divisions between

-
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any two points on the scale's continuum; in fact, the

ratio scale is the only real continuum since it provides

of the most. finest of possible approximations available;
1 for example speed expressed in cycles-per-second units.

The measure (of course) is simply the numerical quantity which
results from use of the scale in determining the value of the
criterion from the selected criterion reference.

The reader should note, that different measures (and often
different scalings) can take place with respect to the same
criterion reference -- or different references with respect to the
same criterion identified. Measures such‘as these are often the
result of a survey of opinion which attempts to’gain insightful o

: da?a concerning vérious issues of interest or aspects of current
endeavor.

The MICROPIK model will accomodate any of the scaling types
dependént upon the intent of measure (indentified and defined) being
sought. Avajlability of certain software and hardware units will
often be identified as a 'I'_(avaf]ability = yes) or a '0' (availa-
bility = no); and therefore uses a nominal scaling type for final
mé;%urement. Presenting a group of respondents with a 1ist of
instructional activitieé-concerning'thg satisfaction of a specific
curricular objective, and.asking.them to rank-order their importance
~in promoting the 1eé}ning defined by that objective, results in
the QFdina]]y-sca]é measure of ranks (1 = most important, 2 = next
most important, ...). The interval type‘of sca]ingvisnaséumed with
such extended continuum frameworks as the 6-point agreement contin-
uum. And finally, the ratjo scale is most usable with the more
physical measurements fassociated with system specifications, cost-
of varjous software and/or hardware units versus the salaries of
additiona] classroom teachers, and achieveqeﬁt performance measures
on the 5artrof the students. |
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Design and Format

Valid criterion definitions and references, and reliable
sources and measures, are of'course not very useful if there exists
no technique for entry in the multiple alternatives analysis model.
Before discussing the formatting of measured criterion data points
in such a way, that the MICROPIK model will be able to evaluate the
various sectional options associated with choosing software packages
and hardware units compatible with desired CAI/CMI objectives,, it
may be best to once again review the 'guts' of the MAM framework,
and_the model's criterion-referenced, decisioning-simulation needs.

Reca]i the deSign of the MAM framework as that of a matrix,
where rows represent criterion measures across the various options
or decisional alternatives, and columns represent the array of
criterion measures for each of these decisional-alternatives. We
will be concerned by the 'row point-of-view', and address each row
as the criterion vector of values or simply (?), the criterion
constraint. Since each criterion vector (i.e. row) represents.the
va]ues of" a specific criterion across all alternatives, the redder
~ can eaSily ‘understand how these values will be capable of validly
evaluating ‘the various alternatives (against themselves). And,

-

since each criterion constraint can be said to therefore constrain
the solution process (i.e. arrive at a decision), each criterion
vector can be thought of‘as"an 'objectire' or 'goal' of the modeling
situation, in that certain limits will be placed upon the values
which each criterion vector ‘can assume (as a'composite summation)
before finally deciding upon a final, most optimal solution set.
| \ | | .

Each criterion-vector will be constructed to represent ejther
a ]inear equality or inequa]ity (although the inequality is often
the more useful representation), and will therefore assume the
genera] form of:

\ . 216




-

21 +az *ai3 ... aif ($,=,2) b

where i-criterion vectors have been constructed to evaluate the
relative appropriateness of j-alternatives, and based upon a -RHS- °
1imit to the final composite (i.e. sum). of the particular i-th
criterion vector of the value b, Note. that bj therefore will
exist as an upper-bound in the ¢! inequ(Tity, a Tower-bound in
the '3' inequality, and an "identity’ via an '=' equality. .

Thus, each ay,, for m=1,2,...,i criteri&ﬁﬁvectors across each
n=1,2,...,J decisional alternatjves, will represent a particu]ar;
consistent‘scaling of value for each of the j-criterion vectors.
And, since each by, for k=1,2,...,i RHS-values, delimits the
total (summed) composite which each criterion vector can assume
dependent upon the_solution set formu]ated (X equa11ng either a
'1' or a"O' depending upon the xn s inclusion or exclusion for the
final solution set), the partIcular scale ut111zed will determine
the type of objective which the particular vector is ‘attempting to
'sat1sfy. ' %

T,
A

For the time be1ng, 1et us set our tota] confusion as1de, and
attempt to examine each sca11ng type via the criterion constraint. )
framework explained (?) above. For the reminder of this particular
discussion, we will adopt that convention that a va]ue of *1' 'fer
the xn decisional a]ternatwve will denote inclusion w1th1n the
final solution set; and that .a value of '0' will represent exclusion
of that part1cu1ar Xn opt10n from "the final so]ut1on.

;The-nomina]ly-scajed;criterion constraint vector can &lso be
called the freguengxfconstfaint er counting-constraint vector, due
to its use in controlling for_the"yarious frequency of a particular
type of category within the final solution. One particu]ar type of
nom1na1 contro] is that of assuring representatwve bjas == that is,
assuring the inclusion of certajn amounts of spec1f1c types of
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alternatines within the final solution set. To illustrate this,

consider a MICROPIK prob]em which has def1ned f1ve software package'
"alternat1ves within Epe software sectional, and denotes the first
two as basically 'grammerically oriented' and the rema1n1ng three
as. 'vocabular oriented' in terms of a proposed language arts CAI
curriculum: And futher.assume that constraints are required in
order to model the following three, separate objectives:

tly exactly one of the grammar packages must be a
member of ‘the final solution set§

{27 not more than two of the vocabulany‘packages‘
are allowed inclusion within the solution set;
and . i . -
[31 at Teast three software packages must construct
~ the final solution set, overa]] ‘
The resulting sub-matrix of the full constraint matrix (collection
of all criterion .vectors) would appear‘as follows: '

(Objectives) X1 X2 IX3 X4 Xg (RHS-value)
o1 1 1 (=)
[023 1 1 L (g)
033 - 1 1 1.1 1 ()

(can you see that the final solution set must contain exactly 3
entries? and that only a total of 3 possible, feasible solutions
exist? and why additional data would be needed in onder to deter-
mine the final solutipn?). This example emphasizes the'utility-'
and necessity of the objective function in resolving which of the

three potential solution sets will in fact be the most optimal set.

.
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The modeling t%aracteristics of ordinally-scaled criterion
constraint is an extension of the nominally-scaled constraint vec-
tor. Since the terms "mean order" and "sum of order" are examples
of the premise, “"You can do any thing with numbers, meaningful or
not.", ordinal constraintsfare modeled within MICROPIK as a type
of indicator-variable as would be found in the modeling of dummy
vdriab]es within multivariate regression procedures. For each of
the desired 'orderihg points' (e.g..ranks; or"those points Wwhich

- would be associated with 'exce]]ent -good-fair- poor responses); a
separate crlterlon constraint vector must be deve]oped in order to
control the 1nc]u510n of various 'ordered' alternatives within the

final solution set. Consider the .MICROPIK currieu1umrsectiona1 in
P “which two sets of four instructional-activity alternatives are to
be modeled. Each set of four a]terﬁatives has been ranked by a
ﬂpane] of experts as to the1r relative 1mportance to the successfu]
1mp1ementat10n of curr1cu1ar goals, assigning.'l' to the most
1mportant and '4' to the least 1mportant of. the four such that
the fo110w1ng assxgnments result:

Sy

OBJECTIVE l " ACT-1  ACT-2 ACT-3° ACT-4 l

S o3 1 ¥ g 2
- - N T T
. “

/

and must be modeled consistent witﬁ the following stated objectives:
he 3

fl3 each objective must be sattsfied;

i23 ‘at least two activities from each objective set
| must be members_of.the final solution set;
3 -at 'least two of the final solution activities
qmust be of rank=1; J

.3
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[4] only one activity of rank 3 is a]]owed w1th1n
the final solution; and

{51 no activities of rank=4 are to be included
- as final solution components.
The final modeling framework for these five objectives will include
a maximum of seven constraints, but could be identically constructed
‘with five constraints (can you see the duplication?):

The modeling characteristics of o rd1na]1x-sca]ed cr1ter10n
constraint is an extension of the nom1na11y-sca]ed constraint. vec-
tor. Since the terms "mean order" and "sum of order" are examp]es
-of the prem1se, "You can do any thing with numbers, meaningful or
not.", ordinal constra1p§s are modeled within MICROPIK as a type
of indicator- var1ab1e as would be found in the modeling of dummy
variables within multivariate>regression procedures. For each of
‘the desired 'ordering points' (e.g. ranks; or those pointe which

"would be associated with 'exceller -good-fair-poor® - responses), a
separate criterion tonstraint véctor mUst'be"%eveJoped:in order to
“control the inclusion of various 'ordered' alternatives within the
- final solution set. <Consider the MICROPIK curriculum-sectional in
which two sets of four instructional-activity alternatives are to
be modeléd. Each set of four alternatives has been ranked by a
panel of experts as to their relative 1mpgrtance§f““fhe successful
- implementation of curricutar goals, ass™gning 'l' to the most
important, and {4' ‘to the least important of the four.§uch ;hat'
the fo]]bwing assignments result: ) : -

- ' -

OBJECTIVE | ACT-I ACT-2 ACT-3 ACT-4 |

.

" ) 1 l 3 1 : 4 2 l
2 2 1 3 4 |
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and must be modeled consistent with the following stated objectives:

th

2

[31

each objéctive must be satisfied; .

at least two activities from each objective set
must be members of the final solution set;

at least two of the final so]utlon act1v1t1es

" must be of rank=1;

%
[53

-The fina]

only one activity of rank=3 is allowed-within -

thd final solution; and

no ‘activities of rank=4 are to be included .
as final solution components. — o

modeling framework for these five objectives will include

a maximum of séven constraints, but could be 1dent1ca]]y constructed
with five constraints (can you see the dup]lcation?) '

(Objectives) x| x12 x13 X14 Xp1 X2 X3 Xea (RHS).
‘for3 101 1 1 (2) 1
ol sl 1T 1 () 1
o213 1 111 L (2) 2

[o2.2y - R 1 .1 1 1 (2) 2
[03.03 1 L (2) 2

[04.01 - 1 | 1 (¢) 1
[05.07 1 (=) o

Whlle 1nterva11y-sca]ed constraints can: be modeled similarly

to the ordinal type, carefu] preparatlon of the interval-based -
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response continuum will often.yiéld measures closely related to-
those of thé'ratio-variéty, and thus'pérmit ratio-type construction.
For this reason, the following presentation will relate to both
occurrences of interval and ratio measurement scaling .of the
criterion constraint vectors. . T
Unlike the previous discussion, ratiofsca1edv§onstraint entries -
are the hctbal criterion measure resulting from t@é data point on
the criterion referenced identified. For example, in the case of~
a physical measure related to clock timeu(measured in MHz of cycles
per second), a hardware sectional infive package alternatives
would contain a constraint whose ajj entries for the particu]af
constraint vector would be the actual, recorded MHz gquantity from
system specifications. As an i]]ustnation,‘assdme these five: '
»Hardware packagé alternatives have been evaluated on two-sepqrété
criteria, the fjrst‘on'clock time, and the second on the mean -
response obtained from field-test users who resbonded to the item:

)

."Response time for the unit was satisfactory."™ -

utilizing a 6-point agreement continuum scale which itself aésumesﬁ
'ratio-qualities. The tabular results of these measures were as
followed:

CRITERION ~ Unit-1 Unit-2  Unit-3 Unit-4 Unit-5
.’"C]'OCk" . 4 1.2 0.43 , 1.7 : 0.9 ) 0-1
‘"rdsponse” 3.5 . . 2.4. - 1.6 3.7 YA

and will require modeling as follows:
: : . . |
{13 no more than two units:mﬁst be.seleéted as so]utions;'
" [27 the total sum-of ‘clock time* within the final choice
" of units for solution must not exceed the value bg;
and B ' o
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{31 the total sum of-'respdnse satisfaction' within the
final choice. of units must be at least the value br.

r )

Th1s sub~matrix related to the hardware sect1ona1 w1l] be modeled

as follows: )
(Objectives)  x; xp  x3  xg xg  (RHs)
o I 1. 1 1 1 (g) 2
- [023 ol w4 L7 9 1 (f) b |
S0 35 24 - 16 3.7 47 (3) L by -

and once aga1n 111ustrates the ut1l1ty of the obJect1ve funct1on
which w111 be exp]ored in a future section.

We w111 now “deal more spec1f1ca]1y with, the development of - é

,the RHS-values espec1a11y needed for . the sd’éessfu] computation of gfé
rthe examp]ed be " and br used abov“‘and of the various methods for '

contro]11ng des1red system 1mpact R , e A
" IS
.. L
“3 e
"1 'v " y i 'u.
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.
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_THE CONSTRAINTS | | :. / T

1
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It was necessary,w1th1n the previous section concern1ng
criterion def1n1t1on referenc1ng, 'scaling and formatt1ng to

For the more exper1enced reader 1t may now seem redundant and.
after-the-fact to commence a forma] presentat10n on the 1deas, y

fstructure_and.ut111ty surround}ng the_ut111zat1on of such a
?-Vector'withjn a“mathematica] mode1ing framework.

~ As we have already witnessed,. the constrafnt vector is one
of'two'algebraic types: . either inequa]ity or equality. This
a]gebra1c format ‘serves to input spec1f1c crwter1on values of a

into the mode1, and further

. defined cr1ter1on reference g}goss the available. a]ternat1ves

tilizes the a]gebra1c1;e1atmona1 .

C(ie. g :,I , or_2) as the control overt the final a]ternatméeS'ﬁ”

selection (solution) procedure. In this sect1on we will exam1ne

in greater detajl how this control works, and how the mode]er cah
“vary such control in order to structure a most versat11e and

f1ex1b1e a]ternat1ves eva]uatlon setting.

7}

Direction and Valence

. framework asacoefflclents ofza Jinear 1nequa1 ty or equa]ity, T

o

L

The reader w111 reca]] tha.}the Tumerical vilues assoc1ated*'
w1th each,part1cu1ar Crxter1on reference are. inplt to the MAM

the vector form: 5gf'-”f3hi _— '<f ' )

N

[”%,where the i-th. cr1ter1on~(mode1 obJect1ve or dec1s1on constra1nt)

has dxstr1buted spec1f1c vaJdes across J- a]ternat1ves., In full
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'the MICROPIK model by structur1ng cr1ter1on constraint' examp]es.



a]gebraxc llnear form; the yector of coeff1c1ents represent a g

'serwes of operands of exther positive or negat1ve values due to

the actua] numer.ca] coeff1c1ent (e. g. a +a1K versus a. a1k for

some k- a]ternatmve) whose ]1nk1ng operator is a]ways the arxthQT

metic. operatmon of add1t1on. For examp]e - . _,JI-';C:

[

aile +aj2x + a§3X3 + ... +,é§38j{?“ :
- where each of the xJ 1ndependent varmab}es represent the varxous
multiple a]ternatmves be1ng evaluated for se]ectwon or 1nc1us1on ,
ncuwzth1n the final so]utmon set.. In using ar1thmet1c addmtxon ‘to’ i~' o
;[i formva composite of the 3§ va]ues whose re1ated xJ s take onlthe’T S
j‘gva1ue of '1' (i. e.,1nc1usmon z*thln ‘the Solutmon set) we assume.’
. the coeffrclents to be- add1t1Ve, and thus representatwve of some
summed effect of the partmcular cr1termon reference being modeled.

- We have seen, that the coefficients will assume different :
fmode11ng roles dependent not only upon the- reference being ' , Vﬁ}f
modeled, but also upon the type of sca]1ng whi h was utmlmzed for
o quantmfymng the crxterlon-referenced measuremer ﬂ*wtse]f (1 e.‘,
"nominal, ord1na1, interval or\ratmo) In add1t1on, the mode]er
-must also determine exactly’ ghat effect the su of each of the
cr1termon vectors will represent for the prob] m je1ng
constructed That 1s, wxllxa larger sum of coeffﬁ 1ents (v12.,
v of higher va]ue) be seen as more posxtlve (benefm’) or negatmve |
(undesmreable) For exampbe ;If a survey mtem whﬂch seeks ré*

- CAT/CMI packages upon student\ﬂearnmng is to be ‘nput to e
MICROPIK mode}, and R r g
Strongly agree) was

&ffbormat used for datélcollectmon
-="'then thelyarmous'\,‘L “,

_-so]utioﬁ set shou]d

dmsplay "h1gher“ agreement '
\ ,7compan1ons. In this examp]e, the sum




- -y
.,..'.1 d

. software” aTtérnat1ves will take on-a Jarger value, 'since’the .
’“’coeff1c1ents themse]ves shou]d be of h1gher agreement‘ we1ght ‘
As we will soon see, such-a cr1terwon vector constra1nt w111 be .

called a max1m121ng' constra1nt:wswnce the max1mum sum pf
\ coeff1c1ent va]ues poss1b1e 1s deslred

: Tp examxne a,d1fferent type'of;vector constra1nt cons1der
“that cr1ter1on constra1nt whose coeff1c1ents représent the
purportéd Gnit cost for each of the hardware packages be1ng
_evaluated Our goa] of course th te maximize alt pos1t1ve_
aspects of the packages p0551b1e while m1n1m1z1ng the\expendlture'
requxred to obtain these same packages. In th1s case, the f1na1
[ 5um. .of the cost coeff1c1ents would be preferablx,a Small as _
,L?poss1b1e w1thout comprom1s1ng quality’ and ut111_ ,pffthg varlous?fj'
:;ﬂa1ternat1ves 1nc]uded within ‘the f1na1 so]ut10n, andfso, the -
?;f smaller' the sum, the better. Such: a cr1ter10n vector constra1nt
ffmw1l] be call a: m1n1m1zwng constraint And as we ‘will soon see,
ffﬂa th1rd type of constra1nt the ‘1dent1ty constra1nt will also’
f?ﬂbe usefu] when exact-va]ue sOms .are’ required from the mode11ng of

e

natives is known as a maximizing- vector.o maixmlzatlon constraxnt
- It is assumed that the coeff1c1ents'w 'h1n?the vector represent K
f”a des1reable, poswtxve 1nf1uence upon the decws1on1ng process,
and that (therefore) the h1gher the coeff1c1ent value of any
partwcular ‘alternative be1ng eva]uated ‘the more- 11ke1y that *

e

same. alternat1ve w111 be se]ected as a member of - the f1na1 3"1;3'., ,
,solut1on set _ o T ! L Loy ,;»9
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To assure th1s de51reab1e event the a]gebralc 1nequa11ty

relational greater than or equa] to (;) is ut111zed to construct
_the criterion constra1nt, such that:

A1X] + Ajpxz *+ A43X3 + ..+ dihxy 2 by
is the resulting.inequality hemher'o¥ the MAM mode]ing framework,
where the value b; is cons1dered a. lower bound of the modeling
constraint summation. That 'is, by is that quantity which must .
be matched or surpassed by the summatlon of coeff1c1ents, in 1' " {»
order for the particular Xk a]ternatlve solutions to be members _
of the final so]utlon set. Until some combination of Xk 'S from
"the avallable X -a]ternatlves can be found which w11] produce:- .-
'a sum greater than or equal to the 1lsted b1 value, the mode]1ng
framework is considered not so]ved and if the combination can

not bé found, the problem sett1ng is considered infeasible == R
no solution is - p0551b1e w1th1n the constrained dec151on1ng sett1ng '
as de51gned(.u - > : ; : a2
: » ¢ N - . ¥
) . % A* ? ’ a5 . 4
@ o g Z

: The 'Mwn1m121ng~/Vector Constra1nt
. ’q 3’

The vector wh1ch seeks a lower-valued sum of thé ava ilable- _
eva]uat1ve coefficiénts modifying the potent1a1 sé]tu1on alter- ok
nat1ves is known as a ‘minimizing-vector or m1nq¢€2at10n cdnstra1nt o
frfﬂls assumed, that the coefficients within the vector represent

an unde51reab1e, negative influence upon the dec1s1on1ng process;

-and that the lower the coeff1c1ent va]ue of any particular alter-
‘native being evaluyated, the more Tikely that same alternative
will be se]ected as a member of the final solution set (assumlng |
of';course,- *that a Tow value correspond1ng]y means low negat1ve
impact). : . o 7';

" To minimize as much‘as possbee the undesireab]e‘aspects of o
this particular criterion upon the final solution, .the a]gebraic
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'1s the resu]tlng 1nequa11ty member. of the mode]1ng framework .
*‘where the value bj now represents an upper -bound of the mode11ng

-

. inequality relational 'less than"or'eauat&to' (<) s ut1112ed to

construct the criterion constraint, such -thats ;._,.{ -
. : o Sh

e
;

R R i LI ER

constralnt summatwonu’ That 1s, by is. that the highest va]ue

which the Vector sum is a]]owed to assume -- and therefore a]]ow-i'r'

ing the sum to take on as low a value as possnb]e in its formation

_ of the final solution set. As with'the maximizing vector, if

such a minimum standard can not be satlsf1ed by the summation:
across this part1cu1ar veEtor the propﬂem is declared infeasible.

e

LR T R

-"Thec-LI-derrH*tji—tLectorPGon.'é"'tra;i nt

_';Qf. ‘The third and f1na1‘type of constraint which may,be ut111zed

within any MAA modeling setting. §sé the 1dent1ty-constra1nt This
vector is constructed as an algebraic equality, in the form:

RN
e

i ' '
. @§1X] *+ ajgx2 + ai3x3 * ... t.ajjxj = by

where now the specified b1 quant1ty is neither (or both if you

want to be cantankerous);’n upper or lower bound on the possible
sum of the coeff1c1ents,‘fut rather the exact quant1ty which that »
same sume must ach1eye 'dr admittance of the modified alternatives
into the""

2 f, na] so]ut1on set As we witness in a previous’ sect1on
the 1dent1ty constra1nt is very useful in controlling for the

. ‘modeling of nom1na]1y-sca]ed cr1ter1on variables, and/or for the
" criterion vectors which represent the dummy (indicator) vectors
of -a previous ord1na]]y-sca1e criterion reference. In addition,

the identity-constraint is best su7ted for controlling for those
stringent standards which impact upon ‘the decisioning process,

é 28
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as mlght be required by affirmative action regu]atwons, or the

‘9-:(

1mposxtwon of stratified-group comparwsons.

. CoY
g

System Impact Contr611VﬁaiRHS-Bounds

Contro] for the constructwon of the final solution set is.
based upon the crwtermon coeff1c1ents which modify the multiple
. alternatives being -evaluated for 1ncPuswon within that solution;
and the value of the specific‘bound placed upon the'linear ﬁn-
~ equalities Qr equa]wtaes being modeled within the MAM framework.
As the crwterwon coeff1c1ents which modify the solution alterna-
tives are summed for the combwnatwon of alternatives comprxswng
‘the solution-set (where X = 1), th1s arithmetic sum is compared
to the b%¢va1ue (RHS-bound) to assure compatibility with the

desired impact sought (1. e. £, =, or ?2). When a particular set
of alternatives can be found, such that: ' o

13

iz

31

those 'maximizing' criterion vector coefficients
modifying the members of the solution set proguce
sums which for each such criterion constraint,
are,greater-than-or-equal-to the established RHS-
value(s); Q}t_ . {_ : )

»
+

those '‘minimizing' criterion vector coefficients

_modifying the members of that same solution set
produce sums which for each such crxterwon con-fl
straint, are Tess-than-or- -equal-to the estab]xshed
RHS-value(s); and e

e

these ‘identity" criterion vector coefficients
modifying those same solutijon alternative members
produge/éums which exactly disp]ay the values of
théir associated %Hs-bounds; '
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then a solution exists which satisfies the established constra1nts
placed upon the decisioning process as 1dent1f1ed via the various
criterion inequalities and equalities. Such a solution is known
as 'feasible", and may or may not be the optimal (i.e. best)
solution possible based upon the constraint matrix and RHS- mector
The determination.of opt1ma11ty is a funct1on of an additional
vector of values, known as the objective function -- which will

be discussed later in this section. First however, we shall
examine in more deta11 this 1ssue of controlled impact and the
RHS-vector

The ralues of the RHS-vector are of course those bounds
which when placed upon the:sum of the coefficients of the various
criterion constraint vectors control the selection of potential
solution a]ternatives via.upper or Tower bounds, or identities.

* Simply stated, an upper-bound‘represents the highest value which .
’is‘acceptab]e'based upon the sum of 'solution' coefficients; and
therefore most often represents a control for undesireable or
negative effect as defined by the part1cu1ar criterion vector.
Similarly, a Tower-bound represents the Towest value wh1ch is’

: acceptab1e based upon the sum of these same *solution’ alterna-
tives' coeff1c1ents, therefore‘most often represents a control
for desireable of pos1t1ve 1mpact as defined by the part1cu1ar
criterion vector.

Such contro],bdsed_upon criterion'Vectorbcoefficients sums
is a form of'generalized system impact control, in that. (with the‘
‘exception of the identity) the only requirement is to meet the
upper and lower bound restrictions placed upon thé-inequa]ities.
Because the restrictions are based upon the composite values ot'
a summation,.it;is~like1y;that'the‘interactive-effects re]ation-
ship between criterion values and-so]ution,alternatives will .
produce a solution set where some members may display '1essvthan~

acceptable' criterion weights on one or more criterion references.

o 230 ‘ﬁ
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© Such a c1rcumstance should come as no surprise to the reader as
a part1cu1ar alternative's strength on several other criterion
vectors may outweigh its associated weakness on a s1ng]e measure.
Since the vector sum will not distinguish its 1nd1v1dua] members
(coeff1c1ents), this .particular method of contro] is known as

.1dent17y1ng 1mpact to the system as a whole. |,

The. reader‘may also need to be reminded at this point, that
seldom do dec1s1on1ng situations present such simplistic sett1nas
as w1l] be remediated by so]utlons wh1ch are clearly full- pos1t1ve _
1n scope -- that 15, have no negat1ve by-products or effects ' _
assoc1ated with them. Comp]ex s1tuat1ons will a]ways require the
'consc1ous knowledge of both the pos1t1ve and negatlve 1mpacts :
-associated with the- so]ut1on(s The dec1s1on-maker must ‘be
ready to establish the required preferences in order to perform
the necessary secondary cho1ces' which will be required when
a]ternativefdec1s1ons present both positive as well as negative
cts to the system; and then be prepared to. acknowledge those '@jf?;ﬁv
trade-offs wh1ch are assoc1ated w1th the so]ut1on S reé&;ea. _ B

Seem,

Spec1f1c system'1mpact (as opposed’to generaT) is capabie of
being modeled within the MAM settwng, v1a such techniques as:
selective sub-vector summations (contro]]ing for marginal va}ues

"_of particular multiple alternatives), and individuatl single;'

1ndependent variable inequality (constra1nt) construction where

J= 1nequa11t1es would be required for modeling each of the j-
alternatives for a particular criterion reference. In most

cases, the modeler will be able to a priori.detect if a particular
alternative has a_criterion measure which makes it undesireable

as a solution (regardless of its other measures), and therefore
can be excluded from the MAM prpcedpre comp]ete]y.l'

- _Generalized system'impact‘(wbich is the‘preferred_prpcedure)
can itself be modified or varied in order to study”’ the changes
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in the selection of potentjal solution a]teranives.v Such a
: téthnique is known'as the restriction or.refaxatioh of the RHS-

va]des in their constraint of the detisionihg process..

“The restr1ct1on associated with the contro] of the RHS-vector

over the se]ectLon of solutional alternatives is basically a
procedure of p]ac1ng more difficult demands upon the constra1nt
vectors in thelr formulation of a final solution set. For the
maXimizatfon vector, this will normale mean an ihcrease.of the
lower-bofind which the final coefficﬁéht.sum-must meet or surpass.
For the mihimization vector, a more restrictivé'environment will
mean a decréase,in the upper-bound which the coeffidienf sum must
satisfy. Restriction of the RHS-values is usuél]y executed in
order to det@ct at” what level of individual constraint control
will the same solution set be constru;ted'regard]ess'of the
reference of the objective function. -

On the other hand, the relaxation of the individual RﬁS-
- values places less demand upon the constraint summations as they"
measure the generalized impaét of particular solution set$ to
 the sytém as a whole. For the maximization vector, a relaxed
state is usually associated with a decrease in the value of the
part1cu1ar lower bound -- thus making the attainance of a sum
more eas11y accomp]1shed (and therefore more accepting of less
positive Impact by some alternatives). . Similarly, the RHS-value
. related to a minimization vector will.be increased in a state-
of‘relative relaxatien -- allowing more negative impact to be
acceptable to the final.solution set. Relaxation of-thé RHS-
" values is usua]]y'éxecuted in order to generate a diverse array"
of solution alternative vectors dependent upon the respect1ve
f*Fluence of different obJect1ve funct1ons

\

The Objective Function . S - \
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In additfbnal to the criterion row vectors.’ we have already
“examined as they relate to the mode]xng of multiple alterpatiges
for the mu]t1p1e a]ternatlves analysis settlng, another vector
is necessary to force the formatlon of a solution set which %s

opt1ma]‘¢

.(<

_svdef1ned by some a pr1or1 standard.- Unlike the_'

vectors of ‘the constra1nt matr1x thlé new vector does not have -
cam a]gebralc equ1va]ent in the sense of an 1nequa]1ty or equality.
»‘Called the objective functlon, th]S vector provides the basis
J‘:for constructing a so]utlon set vector which not only is deemed

acceptab]e to the criterion vector constraints of the constraxnt
-=matrix, but which opt]mlzes (max1m1zes or minimizes) the va]ue

of an addltlona] vector of values or standards.

Thus, wh11e thf”varwous constralnt 1nequa]1t1es and equa]1t1esa
evaluate the multxp]e a}ternatxves for the ex1stence of a feasible
~ solution (1 e'iwhether any solution ‘is. poss1bTe)
functxon vector cheoses which of those a]tern_ ‘ve1so1ut1on sets
.best (most optnma]]y) addresses a partxcu]ar lssuelf/fgp/examp]e,
the objective function may strive tq prepare a solufion within
the constraints of the problem, sudé?rﬁhat' the satisfaction of
the students involved-as measured b&’tﬁexr attitude is maximized;
or, the additional expend1tures Wth‘AWOU]d be requ1red to pur-

chase additional equ1pment IS mxnwmlzed

, the objective -

_use severa] in order to 8
of the so]utlon set. ‘

?




Construction of the ﬁHS;Boundsv

).

>
ey

_ The composxt1on of the RHS va1ue w111'depend sxmu]taneous]y
upon the intent of the cr1ter1on constraint it modifies, and the
type of scaling utilized in designing the criterion constra1nt s
coefficients. We will examine each of the types of RHS- bounds
by its assoc1ation with scaling types. This d1scuss1on w111’
apply to both maximization and m1n1m1zat1on vectors (as.we]] as
:1n_most‘cases, the identity vector). _ ' -

_ Both nom1na11y-sca]ed and ord1na11y-sca]ed constraints will
norma]]y be represented as 'frequency' or ‘counting’ coeff1c1ents,
-and will therefore require a RHS-va]ue which controls for the
total frequency associated with a part1cu1ar criterion within the
f1na] solution set. As was discussed prev1ous]y w1th1n the
cr1ter1on sect1on, potential” solution a]ternatwves can often be
criterion- addressed via measurement scales which 1nd1cate distinct
type or membership, rather than a ar1thmet1ca]]y computab]e value
of both direction and degree. '

i

. For example, cons1der the situation where1n the construction’
of the MICROPIK :model requires crossreferencxng of varwous soft-
ware packages w1th compatible hardware un1ts for ut1l1zat1on
w1th1n the implementation of CAI/CMI strateg1es. Five software
Nlpackages are being evaluated which present instructional: activi- .-
';ated to the m1]d]y-hand1capped in the ‘area of read1ng
?comﬁré epsion. Two of the packages can be implemented on ‘one of '
are systems available, while the rema1n1ng three soft-
ages are compatible only to another hardware unit (wh1ch
'purchased if chosen) The prob]em has been designed to

‘ not-yet- purchased system, in order to fairly compare the attribu--:
tes of each system in re]atwon to the potent1a1 software

purchases. ‘ R R

¢
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For 111ustrat10n, the software-hardware cross- references
will exist as follows: ’

" 'HARDWARE. UNITS "  SOFTWARE PACKAGES
( B e, 1,2
B e 3,4,5

. gnd where an additional constralnt of 'on]y a single hardware

unlt‘ must result as the preferred solution in terms of the
'hardware sectional itself.

Utilizing tauto]oglca] constralnt vectors. as developed for |
the modeling of 1nterna1 constralnt lTogic subcategories for
contingency a]lowance under specific 1nc1us1on (Wholeben, 1980a),

, that is: '

_ "If A 'OR' B, Thén C (possible)."

"

the resulting MICROPIK framework would exist as fo]]qws:t “

| S-1 $2 53 5-8 5.5 | Hel He2 | S Sp . RHS ™

1 1 -1 =
-2
. 1 A 1 ) ‘ 4 ~0
-f}iru:--_____-__is__-_ _____-:f : ______ °
1 1 = 1

To model the situation above, it is necessary to utilize s]ack
variables as temporary storage locatlons to\denote whether any

. 4
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- of the evdluated software packages were chosen by the model as
.-acceptable to the curriculum instkuctionalfactivities within the

,-«.,"

curr1cu1um sect1ona1 (not shown). These slack or temporary

'storage variables are denoted above as S, and- Sp; and will denote
the se]ect1on of any'of either the software 1,2 or- sof tware 3,4 5:

packages,»respective]&. It is acknow]edged that dﬂscuss1on of

© the use. of slacks (and indeed, tauto]og1ca]s) is beyond the scope

of th1s present paper. However the reader sheuld be somewhat
aware of . the potent1a1 for suoﬂ man1pu1at1ons of nom1na11y-sca]ed .
cr1ter1on entr1es, and be ab]e to at *least rud1menta]]y understandv '

'the1r utility. The th1rd Constra1nt subset -which relates the

constra1nt of one, and on]y one' hardware unit is to be a member

-of the so]ut1on to the hardware sect1ona1, is a more d1rect and

easily ver1f1ab1e use of the nominal- sca]e

In. cons1deratlon of both 1nterva1 and rat1o measurement

;sca]es as providing the basis for the arithmetic operations of .
_mu]t1p]1oatlon and division -- not acceptable to the nominal or

ordinal measure --*the construct’pn of RHS values assumes a
comp]ete]y d1fferent perspect1ve and rat1ona]e. Cognizant of the
desxre to control for ‘general system impact' as opposed to spe-

cific a]ternattves,va]ues (allowing the model to generate inter-
‘nal preference and trade-off decisions), the development of
'RHS-values will now follow the generalized goal:

{to design, formulate and quantif} specific bj
component entries of the RHS vector for each
mode]ed 1 th criterion reference, such that

» the 1ﬁd1v1dua1 b; values establish bounds
" which the a]gebra1c inequality or equa]1ty

re]at1ona] of the cr1ter1on vector must seek
to satisfy; and where these_1nd1v1dua],_b1 values

e denote;‘éeneral system impact' as that.measure.
J which is defined as the sum of the individual
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cr1ter1on measures across the potenvﬁﬂ solut1on
a]ternat1ves be1ng eva]uated: . -

across the var1ous potentia] a]ternat1Ves. In genera] One m1ght
‘think of th1s goal as follows:.

- o ' SN R

A51X] F ajpxp + 343%3: + .o + Af5%5 0 (£5,52) k(MNg).
L . N " .- ,f',. . . . .

where: . . SR

MNg represeiﬁs the mean of a]] a1J summed o
across a]] potent1a] xJ so1utwonal

&

a1ternat1ves; and
kK s some constant factor (multiplier)
of the mean(aij) RHS-Vector entry;
LIf%in fact, our goal is to mode]'ﬂﬁ?Selectwon of a]ternat1ve
solution via the contro] ‘of ‘their 'mean jmpact' to the system as

;who]e, then the chosen mean term must equate the role of ‘'mean -

1mpact' to a spec1f1c numerical quantity. The va]ue of MNp does
not sat1sfy this need alone, since the sum across component
entries will often resu]t in a quant1ty .greater than their com-
puted mean value. However, if the mode]er cou]d 1dent1fy some
constant humber which would approx1mate the perce1ved number of.
alternatives which would in turn reside’ 1n the, so]ut1on set, then -
\%he use of the term k(MNA) would itself approx1mate the average
impact to the system of a select k- number of so]ut1ona1 a]terna-
t1ves. ' o \ i
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Accept1ng the above as a useful methodo]ogy for deve10p1ng
vnumermcal quantltmes for descrlblng mean system jmpact, a new
Yo prob]em arises. If in fact the MNp value. w111 denote average ;
impact, than a 'hxgh out11er of the modeled cr1ter10n d1str1bu-__

tion (a1J) cou]d,be as large as two or three t1mes the 51ze of5 5
that same . dmstrlbutmon s mean (MNp). Thus the use of the term | T‘“f @f‘;%
;MNA a]one wou]d a]so b1as the quantity of alternatives" chosen for ' '
- ;the so]ut1on set, since one alternative with a 2- t1mes the mean
."value wemght for its spec1f1c cr1ter10n va]ue entry wou]d add’ a -
»double-factor to-the final cr1ter1on constra1nt sum of that .
part)cu]ar cr1ter10n vector across the selection- so]utlon a]ter-
nat1ves In addmtlon the MAM framework seeks to mode] average
ﬂmpact nhmch assumes preferences and trade-offs ex1st1ng The
é*&computer ‘value MNq i anga.solute quant1ty, with no such f]ex1-
bmlmtylmnherent_wmthln‘the structure of th”“armthmetlc summatxon.

To reso]ve th1s dmlemma the use of the computed standard “htngéff
defhatmon for the spec1f1c criterion distribution is warranted
Identified as. SDp, the addition or subtractmon of the standard
~deviation to (or from) the mean ‘of the-distribution -- that 1s,
_MNp + SDp or MNA - SDp -- prov1des a readibly usab]e technmque '
for.. numer1ca]1y mode]xng the concept of mean system 1mPact as ”
;'ref rences each part1cu1ar cr1ter1on It rema1ns now. to addressm

theq>wo situations whmch-warrants the use of - add1t10n or -alterna-

tlve]y, the use of subtractﬁon in deve]opmng the RHS- Value.
\I.LF

Addition of the SDp term to the cr1ter10n vector computed
MNA term is requmred for the existence of the interval or ratio
) sca]ed m1n1m12at1on (5) constraint, where the RHS-component
& represents an-upper-bound; that is:

Yrde h . . . R ; . . !
T,
L,

a51x1 * afzxé + a13x'3 ool F aiij- & k(MNp + SDA).

Alternatively therefore, subtractmon of ‘the SDA term from the
_criterion vector- computed MNA term 1s necessary when using the
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interva] or rat1o scaled max1mmzat1on (7) constra1nt where the

g )

RHS component represents a. 1owaﬂ§56und hat is:

f ;.».o,

a51x1 + a5p% +-7j-f5'i"§->'(3: + +aJ iz

Reca111ng that the constant k represents the expected number S
of decisional alternatives. whic h w111 be finally selec€§1 as- 'E i//"J
members of the solution set th mult1p]1cat1on ‘of either “the ‘f,i///' i
(MNA + SDp) or (MNA - SDp) terms by k-represents the 'mean e ,> :
1mpact' to be entered into the RHS vectpr for contro111ng the

) obJect1ve of that part1cu]ar cr1ter1on vector constra1nt ///

€N

- o - . X I
M . ‘: N Lo ./ \ - . “a -: . . ’ .

The reader may now ask how ‘stch an. approx1mat1on teéhn1que .  f '{J'
cou]d ever be useful for mode]1ng the algegra1c re]at1ona] ( ) @i'“ R
of the Ident1ty constra1nt, since the potent1a];of/re1at1ng somef::f:pv;”.
spec1f1c sum to a computed f]ewa]e mean: is. r mote 70 actua]]yqu B
mode] the 1dent1ty re]atwonal the dec1s3 femaker uses a matched = -
pa1r of max1m1zat10n and m1n1m1zatxon/constra1nts ;+ and threby
ty .attempts to doub1e-bound the: specific criterion vector's sum. N
' ConstructTon of the RHS values for modelmng identity constra1nts o
" w1]1 obvmous]y depend upon the spec1f1c criterion be1ng referenced '~‘”,

but w111 nonetheless approx1mate the fo]]ow1ng parad1gm }“

L s g Ko )

a11x1 + a12x2 + a13X3 %, * aijxj 'y k(MNA - %SDA)

where the use of the_ '»‘ factor - re]atlng t&.the standard dev1at1on
-term 1s3arb1trary. In genera],-as the particular cr1ter1on R
reference be1ng modeler requ1res more or 1ess convergence upon the-_
ident1ty of the RHS-va]ue, the model bu11der will choose to use .-
1esser or; greater fractxonal parts of the SHA term, respect1ve]y

Qh
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’-Weidhting Via Co-Re1ated Vectors'

N

we have d1scussed previously how 1nd1v1dua1 cr1terlon con-
stralnts cou]d be more o 1ess 1nf1uent1a1 upon the se]ect1onf :

“processes of .the MAM framework thrbugh the restriction or re]ax-‘ﬁ

ation of the constramnt S RHS-va]ue. Havmng d1scussed the com-"
putatmon of "the EHS values 1n the preced1ng top1c, the reader
shoqu now be ab]e to vwsualzze the RHS- va]ues, and therefore

hoW’the 1ncrease of a part1cu1ar RHS component wou]d restr1ct the j:

maxmmwzatwon‘constrawnt whmle relaxing the. m1n1m1zat1on vector s
© process. S1m11ar1y, the decrease in a particu]ar RHS component
if would thun relax the max1m1zatmon constra1nt whwle restrmctmng

 the process of the m1n1mlzat1on vector. The author cautions the ‘ui.
; reader however .to ?mploy such Varmed and most usefu] techn1ques _;f’-;»&-"

B S

a only after: atta1n1ng 1nlt1a1 1nteger feaswbml1ty (1 e. assuring
that at. least: one so]utlon exists’ as the probTém is currezzly

constructed) \Jx _¢, Ll _ﬁ o ,1n , RO FREREPES

. . N o
. - : - . ! ; [ : B :
et o . Lo [ s .
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‘a

Another technhque for wewghtmng dmffenEntmal effects upon ~ :f'

the f1na1 solut1on set membersh1p s contr1butlon to the measured
genera] system 1mpact estts in the’use of co-re]ated vectors._
Th1s procedure requmres a- form qf strat1f1cat1onuof,the ava1]ab1e

décwsrbna1 a]ternatmves 1nto groups . of re]atmve 1mpact based ﬁ'“

upon the va]ues for the 1nd1v1dua1 criterion constramnt be1ng
referenced. The generaT 1dea is to se]ect separate alternatives
as bemng more’ (or 1ess) desireable for 1nc1us1on within. the,

‘h f1na1 so}utmon set, based upon “their 1nd1v1dua1 cr1termon values.'

: Of course, an a1ternat1ve may be d1fferent1a11y 'des1reab1e' “due
to re]at1ve]y posmt1ve values on one or more cr1termon references,

'« , while conta1n1y correspondﬂng]y negat1ve va]ués on. other vectors.

S1nce th1s gs a]most a]ways true the construct1on of the co-

h»related vector(s) for mode]bng we1ght w111 often requmre dwfferent ’

N co-re1ated vector(s) -across dmfferent constra1nts for the same

; aiterhatrve.‘ o o ;-.j‘ > M . e e

»
-
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’ As:an i]]ustration,'consider the‘proHIem where ten-ahterna;
‘tives are being eva]uated for determlnlng the f1na1 so]utwon to
: whlch a]ternatlve 1nstructlona1 actlthles w1l] _be 1mp1emented,
to satisfy currxcu]ar obJectlve ‘0' A panel of expert teachers
“have rev1ewed ‘the act1v1t1es, and certlrled each to be of value
sufflcment to warrant, their 1nc1u51on within the mu]tlp]e aTter- v
natnves modeling framework This pane] -has also stated that *
depend1ng upon. the ériterion. reference 1nvo]ved some alternatives
are not only. of more poswtlve va]ue but also shou]d-somehow be:
welghted for greater potential %gtry into the final so]utmon set.
To understand thelr posmtloné the panel hasidentified three
separate groups of preference (h1gh moderate and ‘Tow) for the
ten : a]ternatlves, and has for two spec1f1c cr1terion references
segregated these ten a]ternatlves 1nto one of “the ‘three c]asses
of” preference as follows:

‘CRITERIﬁf"‘J‘ 0-1'0-2 0+3 0-4 0-5 0-6 0-7 0-8 0-9 0-10 '

e

“entry of '3"re1ates correspondlngly low preference.” Thevf

" panel also assumes th at least 6 1nstruthona1 activities wilT
be requ1red, and prefer at 1east 4 of these activities be of
preference factor 1 or 2 on at 1east one of the criterlon vectors,
‘and .at. least 2 of these 4 be factor‘I or 2 on both. i

To ilTUstrate the COnstraint matrix design, we. wii]’%gafn
i call upon the use of slack varhables as we did in the prevlous .
-sectlon, utw]lzwng them as temporary storage Tocations for . ‘
Within-matrix summatwons.‘ ThlS part1cu1ar examp]e w1ll requlre
»ftwo of these slacks -~ one for the preference 1nd1cators assoc1a-.

- ted w1th'cr1termon A, and ‘the other assoc1ated w1th cr1terlon B.
’The mode]lng des1gn would then exlst as,. fo]]ows ‘ . ;

' ’ ’ 5 SR .
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CHAPTER 07

THE EXECUTION STAGE

cal '.-”‘t Searching for Valid Solutions

B under Constrained Optimality ]
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THE EXECUTION

Now that the areas of theoretical ﬁntent, coﬁpéptua] design,
and technical development have been discussed at some length and
with illustrations, it is time to exb]dre the execution or imple-
mentation phase of MICROPIK modeling®-- how to gain the”required
resultslof the model formulated, and what to do with those data
elements once collected. It is beyond the scope of this paper
to discuss -in detail the mathematical software programs which .
facilitate the evaluation of the MAM framework. The more dis-
cerning reader s directed to be vigilant for an upcoming manu-
.‘scr1pt publication of the author entitled, ”Mu]tip]e‘A]ternatives
Ana]ys1s for Educational Evaluation and Decision- Mak1n§§"

chedu]ed for release in late 1982 or early 1983. - -
This section will deal with the major four facets of the
” execution’ ‘phase: cyé]ic optimization, the deve]opment of the
solution tracking matrix, the creation of the various types of .
so]ut1on vectors, and cr1ter1on reference wewght1ng techn1ques
based upon the var1ous iterations of the cyc]Ical obJect1ve func-
taon,h The individual post-hoc analyses (statjstical or otherw1se)
; which are recommended for the results of the MAM execution, will
L'be examined in a succeeding section entitled 'Results’. |

. L
A
a

:JCytlic'Optimization s o g s ;1‘

- Although the multiple alternatives modeling frahéwork”%equifes
gnly a single objectjve functon for implementation of a re]ated
mu]t1p1e alternatives ana]ys1s, the suggest, preferred execut1on
techn1que is to emp]oy a cyc]1ca1 opt1m1zat1on procedure, where.n
each of the criterion vectors ut111zed within the constra1nt‘.-

SN

A

matrix portion of the MAM 1s_cyc1ed through the model sequenc1g11y ‘ .?3.
& #
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_as the o jective function. 'In‘other‘words; given a problem of
one hundSed multiple alternatives modeled across twenty criterion
constraxnts, the constructed model would be executed a total of
: twenty-t1mes, once for each of the cr1ter\on constraints, where .
the obJectﬂve function would be ‘composed of those 313 values

also ex1stent within the part1cu1ar i- th ‘constraint.

The ut1l1ty of cyclic opt1m1zat1on can best be wmtnessed in
the stitement of its goal: _ 7f9ff”
to generate a separate set of ‘solution members
based upon each 1nd1v1dua1 criterion reference ' "
modeled within the full model, such that the
se]ect1on of these members is.based upon the
same_set of criterion constraints as_mode]ed
via criterion vectors and RHS-values, but where -
the objective function is varied according to
the. reference of the individual criterion veltor
entries.
. . o
For the -above example therefore, a total of twenty so]utioh}éets
would results, where the varjability of membership would depend
totally upon the utilized maximization or minimization of the
particular criterjon vector acting as the obJect1ve funct1on for
that execution. < — | ’
u‘c
Each criterion vector would of course be either maximized
or minimized as relative to it respective positive or negative ‘
emphasis regarding the criterion values of its vector components.
That is, the objective w1l] always (or at least should) be to
generate a so]ut1on which max1mlzes the positive or m1n1m1zes the
negé/ﬁve character1st1cs of the associated cr1ter1on vector.
There will moreover be occas1ons when selected criterion vectors
will be both maximized and m1n1m1zed (on separate runs) dur1ng C
‘the stage of cyclic optimization (see Who]ebeh and Sullivan, t981)f

14
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The implication of cyclic obtima]ity techniques within the
vsetting of the MICROPIK model .for selecting appropriate software
end har dware packages .in accordance to desired CAI/CMI-related

'instrucpional applications, illustrates e“specia] case for the
application of a cycling-executable procedure. ’

i' Recall the Structune of the constraint matrix for the full
. "MICROPIK model, composed of cr1ter1on references for each of the
“requwred five sectionals: currlcu]um, software, hardware,
currlculum sofcware qnd software-hardware. Since each sect1ona1
:ds concerned w1th a sub-matr1x portlon of the fu]] constralnt

matrlx- a serles ;zero submat*°ces ‘or empty submatrices result.
That is, when concerned w1th th :
related row portlons of the sof%ware anq hardware alternatives'

columns will be devoid of:" any_deﬂa entr’!

ukr1cu1um sectional alone, the

“and thus, ‘empty'. - s.r%
Likewise for consideration of the’ software-h‘ﬂdWar f’ect1ona]
. the associated rows)of the curriculum alternat1Ves‘ co]umns will

be empty -- and therefore by convent1on, contain zeroes for each
of the matrix cells within that particular submatrix portion.
Imagine this potential problem,setting as' follows:

CURRIC ALTER SFTWAR ALTER HRDWAR  ALTER

(-sectional-) — #////1/111111 1111111100000 &
111111111111 (-sectjonal-). 1111111111111

1111111111711 1111111711111 (-sectional-) ™
(==mm==m-=esectionale-=zm=nn- ) /////////////'

a ¢

where. the varions_sectfona]s (or subsystems) re]ate data evaluation
points either within or between decisional alternatives.

) L . . ] '_
Since some of the criterion vectors (row-wise) will contain

major segments of zero-entries (e.g. the curriculum sectional,

. 'p\ . . : vy
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will conta1n on]y 0"'s), use of that vecto !
tion poses the prob]e}\of how ‘the MAM executlbn W1l'm
the large number of 0 S. :

vector. On the other, hand the obuect ‘e‘of maximnzat1on will be

_j

":r:.‘"v

EQ' red of cyc11c opt1m1zat1on

',%for be1ng confounded
?by the RHS-vector en




. However, if the value of a relatively large number (e.q. the-
value of 999999999) was substituted for the zero-entries associated
with- empty submatrlces,-and the remaining non-zero, valid entries
left the same -- the ablllty to discriminate between valid non-
zero entries and the simulated zero-entry of ‘999999099' is cer-’
tain]y“enhanced The trué test is of course whether such conJec-
ture will be- viable under both maximized and minimized optlmallty
Minimization holds the the least potential for confoundlng
effects, as the 'sum of entrles within the objective functlon is
- attempting to attaln a opt1ma1 mlnlmum value relative to the Xij
' a]ternatlves se]ected for inclusion w1th1n the solution set.
- If in fact, the sum of all valid,. non-zero entries was still 1ess:
than the simulated '999999999‘ (zero)%entry,othe chance of a g,
1999999999 entry within the f}nal so]utlon set would be’ extreme]y
small (and maybe 1mp0551b1e') ' S

_ -For. the case of requlring ‘the max1mlzatlon of the composed
obJect1y_ ﬁuhct1on (vector d1sp ;_'. ;1‘
“the use of '999999999' w11].ob gw‘s]y,
.use of '0' with minimization. However by mu]tlp]ylng the entlre
'vector by . '21' -- that is, changing its valence structure --

: as it p051t1ve counterpart was to minimization. For th majnder .
of this paper, the use of a. simulated '999999999' or '-999999999'

Vector entry.to. contro]l for empty submatrlces w1]l be referred to |
“as ‘xv and ' *' subvectors respectlve]y " '

the new value of '-999999999' becomes -as forelgn to maxi C zatlon

‘Solution Tracking Matrices .

.Each full execution of the-cyc1%c‘optimization techniqueﬁﬁft]'
of course provide a solution to the problem being mode]ed, and.
therefore will denote which dec151ona1 alternatives were included
as members. of the solution set, and which were not (j.e. exc]uded).

AN

~ o .
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Depending upon Many,factors (e.g. the degree of RHS restriction
and/or relaxation;'and the criterion 1nf1uenee'of the particu]ar
criterion reference utilized as objective funetion), it is not
uncommon to construct a‘Van{ety of solution sets as asresult of

) the varjous criterion vectors utilized in cyc]1c opt1mlzatlon.
In some cases (in fact), a‘separate and d1stTnct (unlque) so]utlon
vector may resu]; for each of the separate and unique crlterWon
vectors, especwa]]y under .a condxtﬂon of relaxed RHS-va]ues
(Wholeben and Sullivan, 1981). ,{i - R

h g ?;'.
LA

The atta1nance of unlque solutlon vectors based upon the
' 1mp]ementat1on of cyclic opt1ma11ty 1s more than JUStn@n_n

" but what 1f vee prob]em can now’ pe” xam1ned )

EdeaIs w1th the,1ntrodUCt1on of new cr1terlon r fe
j;;the mode11ng framework, and then carefuﬁ]y exa.
5T“of the varied so1ut1on formatlon. The second as

R

T‘ggthe resu]ts“i“
amined in thei.“
"dprecedlng sectlon on constralnts, d1scussed the,\ w.edirestr1c-
.t1on and or re]axatlon of RHS-values as another methodﬂﬁor anal-
'yzing the smpact of: criterion bias and dec1s1on1ng 1ntervent10n.‘
- The Eﬂlﬁﬂ technique of understandlng the effect of new cr1ter1on" )
‘references. upon the solution set formatlon process is now -avdil- :

'7ab1e'in the form of (tracking"tﬁegvarying solution. set vectors
“as resulting from a cyclic optiniiation procedure. As we will
see moneoveh' the use of so]ut1on vector tracking' goes beyond :
the 1dentlr1cat1on and recogn1t1on of cr1ter1on 1mpact and b1as,u
and prov1des the main foundation for promotlng such., teqhnlques

as: the integral solution composite vector, the progressive

\‘:

. R 'h;3535551ﬁ~




S

cr1ter1on frequency vector, and the stepw1se reformu]atlon
trateg for an- 1terat1ve, sequent1a1 dec1swon-mak1ng format

In order to study the 1mpact of cycllc obJectlve funct1ons,
and their effect’ upon the formu]atlon .of a solution set vector,
the construction of a solutjon track1ng matrlx is necessary.
Structured as a rectangular dataset, where rowsvrepresent the

-+ array’ of mu]tlple a]ternat1ves being eva]uated and -columns depwct
the. 1nd1v1dua1 cr1ter10n references for each of the cycllc
obJectlve funct1ons -- cell entr1es are swmply either 1's or O's’
ref]ect1ng wh1ch alternatives were 1nc1uded (=1) within the final.
solution vector based -upon the max1mlzat10n or m1n1m1zatlon of
ithe part1ch1ar cr1terlon reference.f“A”
the prob]em where exght a]ternatlvesauave been evaluated: across
f':f1ve cr1ter1on-referenced obJectlve functlons (1 e. the resu]ts ,
of ‘five separate executions of the MAM framework) the s1mu1ated. 57
resu]ts mlght have ex1sted as fo]]ows ' R R

H S

.an 1l]ustrat10n, cons‘:

;',

‘

Jiox1 c-2 C-3 B4-e=g| IsCV

AL T 01 0 o] 2.
A2)0 17 1.0 171 3
A3l 1 0 o1 o} & .
5 I TR T T T O -
. A5]0 0 0 1 0] 1
- Aa6] 0 0 0 0 0] o
711 0.0 0 0 1
. A8} 0 071 0 o] 1

PCFV: 4 2 4 3 2 .

o

L



1 -

= . P . : . o
» S - PRI

ISCV =: the 1ntegra] so]ut1on qomoos1te vector _i', 'T'f‘f
‘ and represents the frequency with. whlch ‘

- each 1nd1v1dua] a]ternat1ve 'Was 1nc]uded

| within a so]ut1on set across all cyc11c '
*‘opt1m1zat1ons.(1 e. ‘the -sum of the row

PR B

~vector); and

i

-PCFV‘éb the progress1ve cr1ter10n frequency vector

and represents the tota] number: 'of solution t;y P

i entries wh1ch comprlse the so]utlon vector : )

* based upon the partlcu]ar criterion o |

”“reference of .the objective funct1on (1ce.f':

’”the sum of co]umn vector).u g o

Use of the so]utlon track1ng matrlx not on]y summar1zes the

- 1nd1v1dua] resu]ts of the cyc]1c optlmlzat1ons, but also prov1des L
two add1tzona] and necessary 1ngred1ents for a moge valid and: .

- reliable dec1510n1ng,process. Summlng the frequescy of so]utlon : j- .
_ inclusion (ISCV) constructs a we1ght1ng' network - for the varlous -
‘potential so]utlon a]ternatlves.y In our examp]e, a]ternat1ve ‘4!
with a weight of '5' 1nc]us1ons has a distfnctadvantage over
a]ternat1ve '2' w1th a we1ght of '3' 1nc1u51ons, or. certa1n1y
alternatives 'l' and’ '3' with wewghts of '2' inclusions each _
_The u]t1mate goal of course is to se]ect the final- so]utlon set - .
as that set of dec1SIona1 factors which best models (or is ...~ ®

° mode]ed by) the crlterlon input for the eva]utlon process. The '
lntegral so]utlon compos1te vector prov1des the necessary data . 7

i-

for Just that eva]uatlve need. !

-5

Summlng the number: of so]utlon entr1es based upon the type -
~of crlterlon obJecttve funct1on, constructs a ana]oglca] t1me-..- .
series mapplng (or tracklng) of the potentla] for further so]ut1on .
1nc1us10n based upon .a re1terat1ve, stepw1se solution reformu]a-
tion technlque.f This summation of the column’ vectors (?QFV) has

N
Dy . .
¥ { .
®
by
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been found to a re]1ab1e pred1ctor of the mode11ng framework S

potent1a1 for generat1hg add1t1ona1 dec1s1ons (so]ut1on sets)
.based. upon tie. 1dent1r1ed RHS-va]ued constra1nts (wholeben? l980b).

;-

, To,bnans]ate the aforego1qg paragraph 1nto eng]1sh, a prac-
‘t1ca] 1llustratlon m1ght be he]pfu] ConS1der the s1tuat1on in’
ff:whlch some number of schoo]s need to be 1dent1f1ed for potent1a1
c]osure accord1ng to a set of 24: agreed-upon criterion references
The use of" cyc11c 0pt1mlzatlon (cyc11ng each of -the 24 cr1ter1on
vectors through the MAA model’ as obJect1ve funct1on) is ut1l1zed
and the techn1que of re1¢erat1ve, stepw1se so]ut1on generat]on
executed S1mp1y stated this: stepw1se procedure will choose )
one and only.one schoo]gfor c]osure based upon the initial con-
struct1on of the ISQV then update those criterion vectors which
T will change value due to the closure of«the school. se]ected (e.o.
. enro]]ment, average wa]k1ng d1stance, energy waste); and then:
re- execute in order to: construct a second ISCV to determ1ne the
second schoo] s1te for potent1a] c]osure. Of course, the quest1on
is how many s1tes w111 requ1re c]osure -in order to meet the :
~ modeled d1str1ct needs. (constra1nts), and how will the mode]er
‘“know when that 11m1t ‘has been ach1eved7 o ' :

T

The 1980 (wholeben) study on]School c]osures found that on

~ successive 1terat1ons of the stepwise process, the values of the

| PCFV (the progressive criterion: frequency vector) dec11ned in a
consistent fashion. That is, -the indivifual sums of the coiumn
vectors decreased as each add1t1ona1 school was ‘closed, and the |
original database’ progre551ve]y updated to reflect each of those
closures? pbv1ous]y, the approach of such sums to the value of -
zero represents: the 1nab111ty of the schoo] c]osure MAA model

to select add1t1ona1 s1tes for c]osures, and thus 1nterprets the

- goals of the d1str1ct for site closure as hav1n9 been sat1sf1ed

.

[

App11catnon of the so]ut1on tracking matr1x, and 1ts re]ated
,components f 1ntegra1 so]utlon comdbs1te (se]ect1on ta]]y) and

o ."' [
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'ffdec1s1on-mak1n'

|
PR

|

s -
s :

' tprogress1ve cr1terxon frequencv vectors -- to the MICROPIK mode]

w-and its need to se]ect appropr1ate software packages and’ m1cro— W

omputer hardware unwts compat1b1e w1th ‘desireable. CAI/CMI
1nstruct10na] obJect1ves»-- presents a spec1a1 case (w1th spec1a1
‘ prob]ems) to the mode]er 1n terms of data 1nterpretatwon. '
In the prev10us 111ustration, the va]ue(s) of the selection

f*'ta]]y vector were shown to be a resu]t of summxhg across: each row
'fof a soTut1on track1ng matr1x

;t1on alternat1ve, and, co]umns,leach of the cr1ter1on vectors used
i,as . cyclic obJect1ve funct1on\ With the MICROPIK. mode] ‘the "
-ﬂa]ternat1Ves are Sp]lt 1nto three sect1onals curr1cu1um, soft-
f?fware\and hardware~«- represent1ng d1fferent though obv1ous]y re~" -
‘vglated dec1svons regardlng the - S 1ect1Qn of appropr1ate CAI/CMI g
k ﬂsoﬁtware packages and compat1b1e hardware deV1ces to match wWith
"ffa paral]e] se]ectxon of 1nstruc€10na] act1v1t1es whose needs can
. be met, w1th these same software and hardware dec1s1ons Hav1ng
:;[constructed the so]ut1on track1ng matr1x for the MICROPIK prob]em
:ithe mode]er in’ summ1ng the dec1sxona1 1's across each of the
;1nherent sect1ona] rows must keep in mind, that’ ‘three subsets of
| have been ana]yzed by the mu1t1p1e a]ternat1ves'

fd“ana]ys1s mode('“

. i

1

8- curr1cu1ar obJectwves and 1nstruct1ona1 '”9‘%%f;<*

S '_- act1v1t1es wh1ch will be sat1sf1ed 1n
o "ai,‘mode of 1nstruction"”

e'CAI/CMI

[21'jthoschurricu1umfsoftware packages (i.e.
' ware) which will accomodate these above

and_
{33 the part1cu1ar computer hardware dev1ces (and Ce
'1per1phera1s) wh1ch w111 operat1ona11ze these .«":; T
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Accord1ng1y, the dwsp1ay of the MICROPIK so]utwon track1ng qﬁtrwxﬂf

‘e

-. ~3.>)"

'above currwcu]ar courseware packages as fhey
satisfy the desjred CAI/CMI 1ﬂstruct1ona1

objectives. ) A S

e,

w1l1 be better demonstrated as fo]]ows. o Lo

El{j}:‘ L

Aruitoxt provided by Eic:
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 C1-37] The curr1cu1um subsection of the MIEROPIK
= | .. solution track1ng matrix; where each of

| various Cj Survwcu]ar objectives and the |
Co-1 ] related. Ci-r instructidnal activities are
Co-2" | tested for their inclusion within each of
' | .. the solution vectors as formed by the
. [ | cyclic C¢ ... CCSH obJect1ve funct1ons
Ci-p | % . L
. 51-1 b

| The software subsection of the MPCROPIK
[ solution tracking,matrix; where each of
Sp-1 | various Sj curriculum and the relatéd

Sj-s courseware packages are. tested for
so]ut1on vector inclusion.

AR J
............................ T TR
o
HZ . l ) Ll . t
- | . The hardware subsection of the MICROPIK;
| testing Hy hardware inc]usion'degi§jpp§,
He | " .
-------- :---‘-----‘--‘-‘--‘-----7?------;------------
lﬁ_ €

a
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where the appropriate criterionwﬁectiona1s ¥e represented as:

¢ {J
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ey %URRICULUM SECTLONAL v
[GEy . ;" SOFTWARE SECFIONAL

i ll

[CHI «=: HARDWARE %CT
+,  [Costge =x 5 CURRICULUM - %‘grwARE SECTIONAL -
[Csta & " SOFTWARE - HARDWARE' SECTIONAL R \
[CcHl = CJE'RICULUM - HARQWARE §ECTI0NAL | T
. [CCSH] = CURR TRLUM - SOFTWARE - HARDWARE SECTIONAL. *
. - ﬁggf,,, .

The appropr1ate row sumnat;ons aéross the app];ed cyc11c obJect1ve
"funct1ons w1l1 now grosent s!ﬁect1on Jtally vectors (ISCV) for each .,
of the three nee, "S" and "H" (curr1cu1um, software .and shardware)

:subsect1ons, agd thus denote the array’of 1nstruct1ona] activities®

' wh1ch can be §%&1sf1ed via the parallel 1nc1us1on§ of courseware

7

* and hardware dev1ces “It is 1mportanf to note also, that with
".the structure of the se]ect1on tally vector dEnot1ng a 'range of

1nc1ua1on ; ~the extent of sat1sfact1on i® available for modeler’
evaluation and dét1swon-g&k1ng.

" ) b
y @

o N ' ﬂf’ i R
" " Cas 7 ' e @ i ' : *
Solution Ve&tors and Stepw1se Reformu]at1on§ i . L
W » i * : ' L
o The construction of the ‘flnaﬁ' so]ut1on vector, as a 1narz

;gepresentat1on gﬁ>the "1ntegrﬁ1 so]ut1on compos1te vector" (1scv,

or sg]ect1on ta]]y vectors is a ﬁ@therastra1ght forward procedure
in most cases. The prob]em ﬁsua11y egcountgred will involve th@
arbitrary dec1s1on to defermine whpt degree of 1nc1us1on for any

'{?part1quaraa]ternat1ve w111,§1gna1‘¥nat affernat?ve s selection

b *
.

..
w' R ’

<

L4 N

" as a decision (=1) or a noh- dec1s1on (=0).' A

Cons1der the LSCV wh1ch has rest ted from a cyc11c opt@miza-

t1on of a ten-a]ternat1ve, twent/-cr1ter1a Mﬁﬁ execut1on and Amay

. be s1mu1ated as fo]1ows . - }m,‘ "
. ) & : g
{0207 0409 11 18 00 15 06.12 3 o %
o , X ) : NJ . ‘?*
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where the first alternative was chosen as a solution a total of
~ two-times, the second alternative a total of seven times, and so
forth.. The sixth alternative (1nc1uswon = 18) was found to have
the highest selection factor, the eighth wsJternative with the
second highest (inclusion = 15); and the seventh a]ternatwve
nevér enter1ng any’ ’of the cyclic th;mwzatxon$ as a probabl
so]utlon to the mode]ed problem. Based upon the range of. the
1nc1usxon,ﬁrequ@nc1es as shown, the final solution vector would
be con: tructed by ser1a]1y 1nc1ud1ng (oanat a tlme) each of the}
so]utlon a]ternatwves, starting with the one with the'highest
‘ljlnc]u51on frequency first, Thus, the f1ma] ‘solution vector would
- dlsp]ay ser1a1 deve]ooment as fo]]ows ' !
‘tooooofoooo: |
[00000101007 , -
- [000001010173 |

- . '

-: ¥ _ E s o ';"i
" until 'some' ultimate criterion was satisfied (e.g. minimum new . -
i equipment expenditures, max imum school 51tes left opened or v
mlnxmum additlona] bugrstop requ1rements)

@ Y . o

5 7‘ [

foe ‘The nece551ty of such a Itest retest' procedure for final
so]ut1on Kector formu]atlon stems of course from the Tack -of
controi upon soTutlon formatlon by the varlous criteria after the

w ma&wmlzatlon (or m1n1m1zatlon) of the tast cr1terlon vector during
cyc]wc optwmwzatwon. The reader mdy also detect prob]ems w?th
the* notlon of 'testlngtretest1ng using on]y anv'ultlmate[ ’
criterion reference == instead of ut11121ng ‘all'.of the cr1ter1a
within the original mode] -"That 1s, the potential exists for ,
the fourth serial conflguratlon of the final binary.solutidn vec-

»

tor, : _ ‘ : S -

¥
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to'satisfy the u]timate'criterion((or cﬁ?teria) but coterminously
v1o]ate one or more of the original criterion references which
“were ut111zed w1th1n the execution.of the MAM-comstructed
prob]em. Other obv1ous prob]ems might arise, where the k-th
serial configuration.of the solution vector v1o]ates a 51ﬁgle
criterion vector, halting.serial solution constructlon --.and
“thus preventingithe further develppment of a more opt]mal so]utlon
(i.e. better value on the ul'timatgcritemon) , o
" The final major problem with serial so]utid&;tormulations
exists with the existence of 'inter-dependence' between the "
various potent1a1 solution alternatives. For example, the c]os1ng
t/'of a partlcular school cou]d logically cause a most positive
@ effect upon a ne1ghbor1ng ‘'school whose own enro]]ment has been
decrea51ng. The: student transferees from the c]osed school who
Tive within wa]klng distance to the other schoo] left open w1l]

'obv1ous]y serve‘to a]]ev1ate some of the vacancy prob]ems associ-

[00001101017 | i

ated with the(second site. Without Qaklng this into cons1derat1on'

‘however, a serial construction of .the final solution as described'

above might erroneous]y include that site as a site for 1mmed1ate

c]osure -- most embara551ng to say the least.

To control for such invalid decisions (and hhre]iab]e

. decision-making), the use of a stepwise so]ution generatlon .
.system is suggested, in 11eu of the serial 'system discussed, above.
The stepwise solution technique 1ncorporates many of the valid
parts of the ser1a1 approach but ut111ies the ser.a] system 1n¥‘.
a more sophlst.cated way? ‘ o . ”e %
? g - ' . s '-fﬁ

5
vector ‘ ‘ . . A
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t 02 07 04 09 11 18 00 ;5 06 12 4

the 'stepwise abproaCh' to constructﬁng the final so]ution'set
would exist as follows. - Since the s1xth alternative. (inc]uswoh
='18) c]ear]y outdwstances its competﬂtors, it would be chosed as
the initial 'so]utwon 3 or, k/” “*ﬁg“ : . o )

a o

'_[40 o'o*o_o 1000073

would become the f1rst 1terat1on resutt of the ffﬁa] so1ut1on
vector The qr1g1na1 MAM framework would then be redeswgned to
s1gn1fy the 1oss of alternative-six as a potential decws1ona1 .

,a]ternat1ve to be evajuated across the cr1ter»on referenceg In
addition, those criterion references which are related by vest1ge
of- this dec1swon (e.g. the<enrollment of neighboring schoo]s :which
would have to absorb the student. transfers) would be reca]cu]ated
to/dehotenvalue changes (e.g. relatijonship of new enraliment to
total cepdcity of the site, or the amount of vacancies);' Haviné

- completed these recomputations, the reduced n-1 alternatives'

. model wou]d_then be re-executed, and a totally newvsplutfon -

tracking matrix constrected and se]éction'té]]y'VectorVdesigned.

v

&

The resu]t of th1s n-1 (or nine! a1ternat1ves) cyc1ﬁ¢ opti-
mization mmght be. s1mu1ated as fodlews: '

[ o1 05,04 08 09 -- 00 14 05 1@.;' R
P v g -.“*}.'.. . ;. P

where a]ternatwve-swx has been de]eted from further conswderatwon.
As Mas found ,n the aforegowng ser1a1 constructlon, procedure\ o
the gighth a]ternatwve (now = 14) becomes, camdwdate for 1nc1u510n
w1th1n the final bnnary so]utwon vector, or: ‘
@ : S oo

[0000 040100 {.

- .

o .
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Once aga1n, the criterion’ vector constraxnt matrlx 1s redesxgned R T
to denote the effect of choosmng the elghth a]ternatwve as a '
so]utlon; and the w n-2 MAM-mode] re-executed once aga1n. How---

ver thisﬁthxrd e-executlon now results in. the se]ect1on ta]]y ::ffi

matrix,- . EA R ;R’i5« _ g
) L IR A e s b L
{ 00 03 04 05 09:‘--._- 00 -- ,03;--07:_.3,;.9-. SRl ek

L e ' “
where alternative- five is the th1rd stepw1se candldate for theg E
final solution set (instead of . a]ternat1ve ten as found w1th the~" - 15

serial procedure). Thus the f1na1 so]utlon vector becomes, ﬁ;{;ﬁf; ﬁ'ﬁo
g o b o o SRS _. S ‘."_b:»;x'f",;_., ' ,a..‘.z' ]
0000 1.11 010 _0 1, e e
- T A E AR AR
and not v ) e E L e Dy
' S ‘ Lo --.;-'Z]“‘“;;ﬂ;i;j<{‘nh~ P g
: » T AT T AR 7
{00000 1- 0 1“;9 ;,1 g =

idea of a stepwise. so]utlon strategy, and fgr the reasons Whiché

are hopefu]]y very apparent above._p”;3{Q »w,v; '7-TF

p]ay a pr1mary ro]e in the tracklng of the War1ous cyc11c 501?:
'“for the MICROPIK formu]at1on.l

of the mode] wéu]d not ba:subJe. “ta a- stepw1se strgtegy It §s :
: a]so reaso 1e to’ assume, that the software sectlonq& resuFts v,i; e
ﬂ(solutlon ec}or entrles) wt1ﬂ‘be of such(a,natUre, as to requwre

‘u A

only Slghtﬁwenhf1cbtlon ufOr:§3_
And if theg ciecqsmn..ﬁgg,er 15@?&7,5 i
rwcqgar GEJ%ctly'

to whlch eath of the cur S 1s met the resu]ts )
. . '1 C e :,_7_ x, élrg L &, A "_'r. - o 1[ t
LY AR g8 .‘... s .“ "‘ 5 ,
vt - - / SR
R N ‘ Yoo
[ N TR, &
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S will ex1st as chosen by some arb1trary se]ect1on from the ta]]y .
Afvectoh s initial formu]atlon ' ' ‘

However the stepw1se techn1que can play a most 1mportantjpij
ro]e 1n the WICROPIK setting. Tf the 1n1t1a1 se]ect1on taj]y ve%ﬁit
f'd15plaYS the mode1 S determ1nat1on that more than 2 's1ng1e type;%‘“i

ﬂ.;dev1ce so]ut%on;wl]] ch nge based upon flrs'x '
’fngRSLBO‘as,a ndldate and then second]y the exc]us1on of thek :
1r'APPLE For_the sake of . remlewy#the constralnts effectlng each"
if:these suggesg:d réﬁt#a1nt§' tp'model dntluswon

}ex1stence of APPLE, and only

l

‘w
'APPLE*«\ TRS 80 ATARI OSI LI |--

00 g LT (s s

U S R - ST . St RN T

. - v, r‘ ‘& ’ ) '..‘
:f -'sfor the ex1stence of TRS- 80 and only TR;E?QX* \"Lyh{ﬂ
i - *0s1 . L PR TR
T

'der wm]]ﬁho fu]]y reca]b the{ﬁprced 1N§Hus1on t:};}'iﬁfﬂ

sectlonals v1a the %autolog1ca1 CONStra1n€s w1thnn the ‘Qiﬁdlét.‘

?hardwaredand software hardware sectzona1s.




two selection. tally vectors solve the originally mode11ed issue,
but also the dégree to which a forced, s1ng]e device restraint .
, upon the implementation.of a CAI/CMI strategy retards the. actua]
1 satlsfact1on initially des1red

!

Weighting'Solutions Via'Tracking,Vectors

" Although theltechnidue of weighting particular decisions has
been discussed in the oreroUS section'(see ‘CONSTRAINTS), it seems .
appropr1ate to briefly demonstrate the: potent1a1 benef1ts of
‘ dec]ar1ng‘part1cu1ar solutions as more 3mportant.than others.
. - As demonstrated v1a the use of solution tracklng matr1ces
a sub matr1x vector exists for each: of ‘the results _of a cyc11c
: opt1m1zat1on (max1m1zat1on or m1n1m1zatlon) of the individual
'cr1terlon references.\ Th1s sub matrlx ~vector, or track1ng vector

q .

rdemonstrates 'which a]ternatlves were. determ1ned both 1nteger B f?ﬁ"'v
'fea51ble and opt1ma1 based upon the va]ues of the fu]] constra1nt
ngatr1x and the cycllc objective functmﬁr respect1ve1y.‘ That 1s
;each°column vector of the solution track1ng matrix shows the s -
]‘part1cu1ar we1ght of that cyclic obJect1ve funct1on S cr1ter1on ‘

', ““ﬂencexupon the final so]ut1on (b1nary) constructed. As .the
va}ue‘orwfhe objective function changed (i'e.‘dffterent criterion
reference used),.so often g1n most cases) does the conf1guratlon “
of the resu]tnng so]ut1on vector. We have found this c1rcumstance‘
e-to be | eSpec1a11y true, where the RHS- va]ues have been constructed..
"1n what we have prev1ous]y named: the re]axed' state -- that 1s,

'fng1ng the so]ut1on process more 'lee- way‘ in se]ect»ng the
7f'best so]utron”comb1natwon for f1na] 1nc1us1on ey ;
These varlous track1ng vector resu]ts can’ be ut111zed to
3_;produce deS]red (or undes1red) we1ghts ‘for the final se]ect1on
ta]]y (1ntegra1 so]ut1on comp051te) vector By determ1n1ng the

‘ 262 ' N ] ReN




‘ factor wemghts to be used in the welghtlng process (e g. identi- ..,t
“. fylng the base-cr»terwon objective functwon, and then ass1gn1ng
afactors of re]ated importance to the other crlter”on,references ,
in the form of 2-times as important, 1. 5- tlmes as 1mportant, etc Y, -
a wemdhted se]ec$1on tally vector can be formu]ated
' ! . 'c.' B M
Con51der the fo110w1ng prob]em where the so]utlon tracklng
' matr1x has been formu]ated for ‘the resu]ts of a flve-alternatlve
- fmve-crlter1a mode]

WETGHT: (2.0) (1.5) (1.0) (2.0) (3.0) "(h/w1§'d) (wgt'd)
I

ije1 c-z" C-3 -4 C-5 | NW/ISCV  wW/ISCV

Al 11 0 0. 1 3 6.5 -
A-2 10 0 1 .0 2 4.0
A3 000 1. 0 o 1 19 7

A4 -0 0.0 0o - oo

AS: 11 1 11 s 95

*:}where ‘the use of we1ghts does not change the d1rect10n of the
'select1on ta]]y vector, but does in fact change the ultimate - f';

: degre to whldh each member of the ta]]y vector is deemed of -
_ comparab]e va]ue '

Now con51der a d1fferent prob]em,,where the varlous track1ng

"vectors are not so demonstratmve in thelr se]ectlon of potent1a1
~'so]ut10n a1ternat1ves ' ’
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wEIGHT5‘(2.0) (1 s) ( ) (2.0) (3.0) (h/wgt'd) (wgt'd)
B C.--?" C-20 C 3 C;;-'4 C-5 | MA/ISCV  W/ISCY

2 3.0

2 25

2 Vs
e
3

J | . B o :_ P - ?{""f.‘-ifilr: o
. R ', T . . ""“L
where we1ght1ng has prov1ded a’, d1scr1m1nant pattern for further
: eva]uat1on by the mode]er of the d1fferences between the f1rst

three a]ternat1ve dec1s1ons. ”: - g“

m N .

. : . 5 _
eader w11] a]so note, that we1ght1ng can, a1so take olace
MAM framework pr1or to the 1n1t1a] execut1on of the

bmode1 "nd,therefore be representat1ve 1mp11c1t]y w1th1n the BRI

ortun1ty for ‘double- we1ght1ng, where we1ghts are. factored

the var1ous crwterlon constra1nts before executxon, and
en ut111zed again as welgh
| vectorsuas descr1bed above. :

%for each of the so]ut1on track1ng

A App11cat1on of we1ght1ng techn1ques to the MICROPIK sett1ng

" has obvwous benef1t for the evaluator and dec1s1on mak1ng By
:not we1ght1ng pr1or to the construct1on of the 1n1t1a] se]ect1on K

h ta]]y vector, the- mode]er has the opportun1ty to wwtness the

.a'different1a1 effect (if any) weighting has upon membersh1p w1th1n

the -solution vector(s Th1s is espec;a]]y 'S0, when the ana]yzed

:‘compat1b111ty between act1v1t1es courseware and hardware has
 been determxhed 1n1t1a1]y w1thout we1ght1ng;'and then var1ous
*weights are applled to 1nstruct1ona1 activities and/or software
ﬁ'to note ‘the effect’ upon the compos1te vector! s structure.

1y vector. The reader is. also cautwoned of the_i'.L



" However, the mode]er must be extreme]y cautlous of ~e1ght1ng
'_strateg1es, and their impact upon tautological: requ1rements, via
the curr1cu1um -software, " software-hardware and curriculum- hardware

sectmona1s.. It is apparent that 1nd1scr1m1nant we1ght1ng cou]d

not apply its- effect universalty across the ent1re MICROPIK mode]'

and therefore not prov1de re11ab1e results w1th1n the var:ous

4‘fd1fferent1a1 se]ectmon tally vectors (wa1ghted) For thls reason,ﬁ

" the use of .. we1ghted'mso]ut1on tracklng vectors is- dwscourage

except in cases where c]ear contro] over tauto]og»ca] Cross- lmpacts,-

is poss1b]e.
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In the prev1ous sectlon on’ executlon of the mu]twp]e a]ter-,:

r:fnatlves mode] 1n genera], and the MICROPIK mode11ng formu]atlon

in part1cu1ar, we have been conderned w1th the generatlon of - a

ivarlety of. so]ut1on vectors wh1ch wou]d prov1de the. eva]uator
:.and/or dec151on-maker usgfu] 1nformatlon for dlscrlmlnatwng

between mu]tlple dec151ona1 a]ternatlves as’ so]utlons to some .

pre- deflned prob]em Spec1f1ca11y, thlS prob]em 1s the consolous f 'Q
"acquwsltlon of- CAI/CMI 1nstruct1ona] software (1 e, courseware) _
v'and compat1b]e hardware (1 e. micro- computers) for satxsfylng an’_’flﬁn
']f array of - 1daﬂt1T1ed currlcular obJectlves, and thelr de]ln' ' -

1nstructlona1 act1v1t1es.a o "

T A R f‘!:"j"? s
we have dlscussed 1n some deta1l (or for some of the readers,
ltoo much technlca] deta11 Ehe appllcatlon of crlterwon referenées;; SN
in the form of 1nequa11t1es and" equa11t1es to the flnal select1on,‘:'
of a set of - declswona] a]ternatives -- not pn]y fea51b]e in termsb'v1;,'
of sko1ng (i.e. mode11ng the desored characterlst1cs of) the
prob]em, but a]so opt1ma1 in: terms of pro"‘éﬁ‘
bas defined by some ‘ohe (or more) obJec
" then w1tnessed how the 1nd1v1dua1 resu

,the 'best so]utwon'ff*
fily tlons., we have,;

”ach so]dtwon set.

“have been 1ncorporated 1nto a so]ut]on trackfng matrlx the f1na1f

o comp051te so]utlon 1dent1r1ed, and d1fferent1a1 welghtwn “app]‘edilcw“f:;
as des1rab1e. o "n*:_ N N ..;.jaa,p' B _ﬁ//j,=u

~ d .

In thlS sectlon, the concept of crlterlon strength w111 be K ;fh‘
_  be exp]ored as it 1mpacts upon the MICROPIK prob]em reso]ut1on. ‘JT .
- We w111 examlne the re]ated concepts of dec151on va11d1ty and r;;ﬁ ' W
".dec,51on1ng re11ab111ty, and demonstrate how it gan- be app].ed -
::to the’ MICROPIK'§ett1ng., F1na1]y, the use of various stat1st1ca1} RS
Tfprocedures will be. eva]uated for. thelr utlllty in: prov1d1ng the

*basws,for some u1t1mate profe551ona1 statement' concernlng the
R , Lo _

. . . L
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v3¢1d1ty of the resu]ts, and the re]lab1l1ty of the procedure
vut111zed 1n det;rm1n1ng these resuTts

o . -. L . . . r‘;. -

N . » e » . . : . : . T - A s - t
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; Eva1uatlon and a14 dec?s1on-mak1ng resu]t1ng therew1th Lo d- !
> demand a high degree of accountablllty, v1510111ty and L

}:responswbllltx.,:Today@s comp]ex .ssues requrre equa]]y comp]ex

~If;methodo]ogleszto'assess both content and proCeSS of* SUCh TSSUGS,
.and to provxde'an understandab]e env1r0nment;w1th1n whxéh to ;/-,ﬂ‘:
imulate potential: dec1s1ons ‘and’ measqre u1t1ng effeCt or.

f',jmpact' As 1mportant moreover, 15 the sécondarx demand fsr pro- %'f
‘_j”v1d1ng a means for*postzhoc eva]uatlng not‘on]y the results. of
:hfthe swmu]ated dec1s1ons but a]so the 1nf1uence (s1ngu1ar1y as' '
:"well Qs coI]ect1ve1y) whlch the cr1terlon references 1end 1n
;‘;maklng the original decxslons._ The c]ear heed for the cr]ter1on-: .
.;n referenced‘decxs1on-m5§er therqfore 1s to sat1sfy the fo]]ow1ng
'~f1ve ob3ect1ves j ;.- 33.:;”H.:”g:.'*v-.- S

N o B L .

11] to va]}date the sophwst1cated dec1510n3ng o
S *methodologies wh1ch are 5o, necessary for ﬁ-ﬁ';f
'”ﬁ,off;;:_address1ng comp]ex problems -= yet S0 often
g h_(ignored dlscounted or fean§8\7
'fato _gggz crIterlon efféct xupon the'decisions”'
'"made, and the 1mpact whlch the. system rece1ves'

. . o
.

gf'.lkw'*f¥‘v1a those dec151ons, and thereby understand x;fﬁlf-; wé;
v 'i{dlffergnt7a1 cr1terxon welght1ng and 1nf1uence ;'-1;: 9“.if?aﬂt:ﬂ

Ve "what" made a dxfference in’ construct1ng the _ . .
. 'dec1swons,‘and the varylng ﬁmpact resu]tzng,,”‘_fﬁ,'g?i §:ﬂ;"'

. ' i . . - X . t. S X Lt el L.
-‘Q ', . . ' . ' . > . o T\n:"' o T e

,-13] .to provnde a ﬁ1gh degree Of V1Slb]j}ty, and . 5f?ﬁ‘

.fv;_xﬂj- therefore_a¢countab111ty, to the publlc pnterests.;“;lj'?%ggiffi"
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served and affected via tho§&,dec1swons‘-- .
generating a milTeu of trust w1th1n wh1ch the

decisions, no matter how unexpected "tan . be e
t.

trusted and accepted;

) - - D
.l o

{43 to s1mu1ate the variable impact upon the decws1ons
made by 1ntroduc1ng additional cr1ternon 1nf]uentes
into the model, and thereby perform a peth analysis
from solution to solution as different criteria are

*‘ utilized to construct each decision or solution --
satisfying the innate need of some individuals-who
:must always ask, " .. but, what if ...?"; and

[53 to permit easy and quick Qgeisioning rép]icagidn

within an ever changing environment -- knowing .
& " the relationships between past successful decisions
' and the criteria ufed to construct those solutions,

i - in order to understand the potential of future
decisions based upon the new Qa1ues of more current

crxter.o\\méasures.

Generally, the notibn of criterion strength refers to the

{,dent1f1cat1on of those measures wh1ch in effect constructed the“
final decision or solution to the mode1ed problem, and further- ?;
more provide a 'factor' measure of ordinal va]ue or weight within %,
that same group of 'solution-formation! variable measures. l )
vSpeC1f1ca]1y, cr1ter}on strength w11] address three fundamenta]

questions existent within a]] dec1s1on1ng eva]uat1on

113 wh1ch cr1ter1on references m@st clear]y defend »b }@'
, L A
the decisions Pade? A : z

21 ;to what extent are the cr1ter1a 1nd1v1dua]]y
'representat1ve of the dec1sxons made?

Ty < ﬂ_
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[3] how do the most discriminating criteria within RN
- this decision setting relate to eack othetr in
terms of importance and influence?. r

' . . ‘ N
i . [/
. N .

-*

. . , o :
A Tater part of this section will jllustrate the utility of .
< discrihinant functjon(s) formulation for answerlng these : ’

questlons of criterion strength respectlvely, by evaluating the

- following rudiments of discriminant ana1y51s ' 0 -
{13 criteria included within the formation of
d1scr1m1nant functions -- that is, which
references were enteredj into the composition
of the prepared functionsi '

& | '. T C . .
121 order of-entry of each of the’ varlables which

‘ dlscrlmlnate the flnal solution vector, and

{31 weight (or factor strength) relationship between .
the stanaardized‘Canonica]-discrqninant-coeﬁ&icients.

T '

Generally, the notion of decisioning reljabjlity refers to

the degree of trqst which is implicit to the decision model, (in

this case, the "mu]tlple a]ternat1ves mode]" - MAM); 1mp11c1t in

the sense, that the decision- maker can accept the results’ of such
‘a criterion-referenced techno]ogy, both in terms of content
(viz., effect of the criterion*references within the model) as
well as process (xig.,,effect‘of'the_mode] upon the. criterion
references). Specifically; deCisioh{ng'reliabi]ity will address
‘two fundamental questions existent w1th1n a]] dec1510n1ng
eva]uatlgn ’ e & .«
- flj tc what extent are the‘criteria ce]]ectively
representative of the decisions made?

e 271,
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&ﬁ/ to what extent can the defined matrix of

triterion references re-predict the original

%,
\

- binary (include v. exciUde) solution?. .

An'adg%ﬁﬁona1 part of this section will illustrate the util-
ity of diéétﬁmknant functiqﬁ?s) formulation for answering these.

questions Sffﬁétisioning.f%fiabi]ity, hespéctive]y; by evaluating
the_fo]]owiné’charact§§§{ ‘ al) J

L . . s -,
¢cs of discriminant analysis:
)iy )

45 canonical d@'?@ja%ion coefficients which offer
a megsure 6% f]ationship between the 'set' of
discriminating criterion references and the 'set!
of dummy variab]es'which are used to represent
the solution vector; and |

123 the frequency of mis-inc]ﬁsions and/or mis-
exclusions (or.over-estimations and/ok under- - . - ' 5"
estimations) discovered when the &1a§sification

" coefficients constructgd to predict a sol tion
with the known relationships among the discrim-

A
inating criterion variables, are utilized to .
re-predict the original dependent variable
(original solution). ’
q #‘ “

DER S
A}
IR

Tools‘?b?fugTidity and Reliability Testing

BE wegg.the model just discussed. above and the resulting solu-
tionsﬁﬁ%rmu]afad, require ,the use of linear vectors and com-

9t ions MOst;germane to this paper will be discussed below. -

The reader is invited to be .patient untiT the scheduled publica-
"tién of the manuscript, "Multiple Alternatives Analysis.for

f% Y . ' ‘ . 272 S . e / . \
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Educatxona] Evaluation- and Decwswon-%aklng" in 1ate summer of , .
1982, for a detailed 111ustrat1on of all vectors and matr1ce per- -
~ tinent to MAM.. SR ‘
Solution Set Vector. In order to d1st1ngu1sh between a]taé
natives included or excluded as membersmbf the final soﬂut1on
the system modeled, .a vettor of b1nahy-deo1swon representations &
1s requ1reda\1n the form

<
&%

iy

oA

ftotloo0000...1y - .
. : I ) E}z% !(“g‘.

where 'l' means that the criterion va1ues associated with Eﬁat '

particular x(j) will be computed to measure resu1t1ng system: '
- jmpact; and '0' means that the underlying criterion va]ues w111 e
have no impact upon the system. - . VAR -
pact up y s . e e R

’ ‘ e !

. ’ LA
Se]ect1on Ta]]y Vector To obsgrve the effiect of eachecri- L
terion. reference upon cons;ructgon of the ;ystem so]d%xon a ‘
method called cyc]1c optimization (whgleben, 198@a; Wholeben and;
Su]]lvan, 1981) is used. Jnder, this reg1men the modE] 1s¢exe-
;cuted once for each uanue,cr1ter1on bflng usedeto constrain the &
model, where eachlupque cr1te§10n is cycle¥ thraugh ‘the. ‘model as:
the objective function. Eor examplg, duggng one‘execut1on ih the
case of the school &losure mo&e] ‘the intent may be be prepare a
solution set whereby ex1st1ng capac1tyanf the rema1n1ng schools
will be max1mlzeq in another cycle, the model ‘will be executld
such that ‘the schoo]s remaxnwng ‘epen within the’ dlstr1ct will
m1n1m1ze the amount %f egergy expended for facifity heat;ng
requirements. The selection tally vector xs basxca]ly a fre-
~quency summation- vector, compll1ng the number of times each |
alternative was chosen as part of the solution vector, aCross all i
cyclic optimizations. Such a vector will be represented as: * - . = “#

‘a

~f'370201...'4\1' BT _it'
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show1ng that the first a]ternat»ve was se]ected as so]utlon a
total of 3 times, the second a]ternatlve a total of 7 tlmes, and.
so forth. This vector is extreme]y 1mportant when the MAM proce4
dure requires a step- wise dec1slon1ng proces§ such as the scho 1
closure model -- - evaluating- a rev1sed database after c]oslng a-
slngle ‘school such that the effects of c]oslng each 1nd1v1dua1 )
site is summarlly 1ncorporated 1nto the next dec1slon for deter- -

mining add1t1ona1 site cgosures.; T IR e
: o Vo | SR

Dlscrlmlnant Crxterlon Inc]uslon Vector. Thls vecti

coeff1c1ents, and the standardx d canon1ca1 d1scr1mﬂnant fu;.
" tlon coeff1c1ents. ‘

5 “*

\ ;

¢
> ' S \‘M-'
Dlscr1m1nant Cr1terlon Entuy Vector. ThlS vector contaln

represent their order of entry 1nto the dlsérlmanaht formu]atlon..
"Criterion varlables not entered into the functlaﬁ(s)srec21ve -
value of '0' by conventioniti . ' . ;
Dlscrlmlnant Welqhthg Summary Ve
nant procedures to the binary so]utlo.#: , v
computation of standardized canonlca]%p$§;ﬂhm\nannbfunct.og’ _ 2
coefficients.- These coeff1c1ents w1l1 _f]ect the ut111ty\ , ‘15'1;5

: 5 ..1.1 . W : '""
entered- crxterlon vectors’ 1f'those vectﬁrs contaln standaréﬁ§&555~ & ‘g
measures in 11eu of the norma] raw scores. By de1gﬂng each of - ;f.@f

the standardlzed canonlcaﬁ coeff1c1ents by the sm

165t ofx?he
standardlzed canonlcals, the quotient w11] prov1de-a factor of -

1mportance for each of the criteria as re]atlve to the other crl-;'
terlon entered xn the d1scr1m1nant formu]atlon. "The dxscrlmlnant

welghtlng summary vector 1s a linear representatlon of these fac- -

T
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tors (qUot1ents) Ng re the mlnlmum entry va]ue is a]wa&s kl 00' f"“g\
;_ (sma]Test standardlzed coeff1c1ent d1v.ded,by itself). *Non- SRR a’
';1 entered crmtermon ]ocat.ons receive a value of 0. 00' by '

ol
"
K

\ \\

Ll convent]on o ﬂ . IR ‘;"";' co ﬁ&,f . : h;'
- _ S . e TR
G Other 'too]s' have been referenced in. the proceed1ng sec ;‘n ;@jh;“”‘
Q_of thws paper cr1ter1on constra1nt matr1x cond1t15n ﬂlmits "f_v’ "{3
;}vector (RHS), ob3ect1ve functlon vector,.and the cyclic, optlmlza- “"f"_ji
-lﬁtxon‘¢rack1ng matrlx Other formu]at1ons are.currentjx under ‘T“;:“fj“t'jﬁ

study by. the author (e g. the opt1ma11ty wewghtlng matr1Xtho -;54:0:‘_:;h¢
1nve§tlgate new re]atlonsh1ps wh1ch -may. a]]ow greater accoun_m T

"',. . ‘*._-.,...:,‘,\ s
tab111tyh nd useful re?1ab1]1ty of the. mu1t1p1e a]ternat1Vesa TR

! mode11ng framework e : S RO TN
e v ' WEow L e
RN AT . » ‘» ¥ i ) ' :
v N . i. . £y X

' N o K 'tlt's. , @

o~ 'u {\:ﬁ . ’Qﬁ’&‘ ,

L) ,"'v

The exp11c1t3check on procedurea] (mode]) re]1ab111ty,by way¢$ ';ﬂf?_
~1’(and the1r re pred1ctab1hty of sew éﬁﬂ
'5§ nd the more 1mp11c1t check on cr1terlon va11d}tytb¥ R

of the d15cr1m1nant funct1on x

fi'ffﬁ not iag. the type (whlch ones?) and strength (how much?).of . the j*(

o varlous cr1terlon var1ab1es entering the d1scr1m1nant ana]ys1§ 21 wt?

ﬁ, *are not the so]e measures of post hoc eva]uat1on ava11ab1e to the

71 3 {MAM dec1s10n maker A further cheCk on va]1d1ty and re11abi11ty ",}+§*>)?

. 4 ..: . , T . n !

=.sT‘ ‘“;\The opt1ma11ty wewghtxng matrix is sij p]y a summary of the .% é;'hﬂk

the preponderance of each cr1ter1on referen ed var1ab1e ut1lwzed LR

4 _w1th1n the WAM procedure/ as measured w1th1n each subset of the ';;;2.-¢§

i ('solution' ‘non- so]utlon mu1t1p1e a]ternatlves The measures of ,; .i»

R

s app]xcatxon fwanalysws of varlance QQNOVA procedures to each of

the mode11ng cr1ter1a, based upon an a]ternatlve S membersh1p in 5
“a ‘ . . . .
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;ﬁo1ve1y %ummar»ze the ANOVA resu]ts ThlS matrlx is. called the
_ optima}lty we1ght1ng matrix, where each row represents the
.@--} R 1v1dua1 cr.terlon reference mode]ed w1th1n . the MAM framework

S §ﬁé\where each co]umn denotes the part1cu1ar cr1terlon modeled
utycllc max1mwzat1on or: m1n1mlzatlon based upon a single criterion
focus For examp]e, a 32- a]ternatwve and - 24 criteria mode] wou]d

s

.fff ' Each of these m2 ce]]s will be: composed of the resu]ts of
-;f‘p that part1cu1ar oneway analysis of var1ance which utilized

N solution set membersh1p (0 1) as an independent, var1ab1e, and .
the. ﬂnd1v1dua1 criterion reference (constra1nt vector values) as
a dependent var1ab1e The spec1f1c statistfcs,resditing froms
such a procedure wh1ch are of inportance to'our matrix are as -

e .
H . [

fo]]ows:

11]- means of both the solution and non-solution
_distribution; and the1r .nd1v1dua1 standard
deé%atlons, ) " ﬁf&“» .

& . Y .' . ) . l‘ 1’ . .
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{21 the statistical sjgnificance of the set. g
membershfp mean-differen7es; and o f%?
:hE3J a non-parametric check (usua11y the use of | Q’

' chi-squared) of those criterion mean-
' d1fferences which resu]t from non—ratlo~ -
sca]ed cr1ter1on references. '

" With th]S summary 1nformat1on, the’ eva]uator,@r dec1s1on maker is

able to view the frequency of stat1st1ca]1y—s1gn1f1cant d1fferences
between the so]ut1on and non-solution sets the- d1rectlon of these
differences and their conformance to initial constraint demands,'h
the re]at]ve.strength or magnltudewof these differences with
respect to degree of difference between the distribution means,;
~and finally the extent to which the 1ntegra1 so]utlon compos1te'
vector reflects the intent of the mode11ng framework -- and thus

| the‘yntended solution to the or1g1na1 problem.

Ydy might be th1nk1ng, that the above procedure will operate

' correct]y for t;rat1o-sca1ed criterion var1ab1e, and also provide ‘

a check on well- constructed interval-scalings -- but not be at
a]] usefu] for summar121ng both the nominal and ordinal cr1terlon
vectors. And you. wou]d be most correct. Unfortunately,. nom1na1 b

data must be ana]yzed via cont1ngency ana1y51s procedures‘( _-4’5

what most people call’cross- -tabulation or chi- squared technlques

Obviously, mean d1fferences and standard. dev1at1ons aré’not a é;
.

function of this- ana]ysls‘(or even mean1n§fu1 . The evaluator

wiil,substitute the statistical significance of -the chi-squared ?}

statistic, and some summary of the differences between observed -
and expected frequenc1es, for the usual cell entries of the
thlmallty we1ght1ng matrlx. o _ .
s o
The use of a non- parametrlc, numer1ca11y—ranked oneway
ana]_y51s of variance procedure (e.qg. Kruska] w&_}s) works weH' .
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for ordinale as well as interval sca]inés Some readers'might
think the above ruminations an adroit hassJe, but other. than the"

‘va]1d1ty and re]1ab1l1ty test benef1ts of such stat1st1ca1 tech-
niques, it does support the use of intérval and rat1o scalings.

. as often, and as comp]ete]y as poss1b]e, w1thout comprom1s1ng the;
-modeling framework ’ ‘ ;

#

As you nught a]so have aJready guessed (or feared), the e
app11cat1on of the opt1ma11ty weighting matrix de519n to the ;ﬂ
MICROPIK sett1ng 15 (once aga1n) a spec1a1 case. . 55 e

Because of the use of sectlona]s (curr1cu1um, software, etc. )A
“in the MAM construct1on, subsets ‘of criterion references exist
which apply only to spec1f1c subsets of the multiple a]ternat1ves :
=’be1ng evaluated. Therefore, some cr1ter1on veactors. will app]y
only to the eva1uat10n within the software sect1ona1, wh1le ‘other :
~criteria apply on |

tovthe evaluation between the software and
hardware sectwonals,  r curriculum and software sectionals. .
App]1cat1on of the ANOVA procedures to the various cyclic opt1-
mizations and the resu1t1ng relationships with the full criterion
set within the. constra1nt matr1x, should therefore (it is” suggested)
be.directed towards each of the sect1onals, rather than a system

tota] approach.




and decwswons se]ected

THE INTERPRETATION

' As we approach the end of our. soJourn through the. world of
mathematwca] mode]wng and multiple a]ternatwves ana]ysws, and <fﬁ
their role in the eva]uatwon of potential dec1sxons concern1ng R
the se]ectwon of mwcrocomputer software .and- hardware for CAI/CMI
applxcatwons ‘there remalns the need to dlscuss the less— f\* ‘ o)
technwca] aspects: of mode11ng -~ albeit no less 1mportant It ;;\\\\
easy to become enamored w1th the .process of the MAM framework

_and its role in the MICROPIK setting, and unconsc1ously 1gnore |

the potential d1tf1cu1t1es of the model -- ‘both content and pro- .
cess --and theijr 1mpact upon the resu1t1ng a]ternatlves eva]uated :

) ’ . ) - P

We have taken a great dea] of time in exp]orlng flrst the
conceptu§11zatlon of -the mu]tlp]e ana]ysws framework,‘and*second
its app]xcatwoh w1th1n the MICROPIK structure This was hecessary
in order for the reader to ful]y understand the vast ut1]1ty of .
the model as well as . lend credence to the postu]ates presented.

As one colleague stated some severa] weeks, "How can you posswb]y

- ‘explain an- appllcatwon of your model to the CAI settwng, if the

genera] reader does not first understand the model rtself’"
Th1s morn1ng, I received his eva]uat1on as tothe ut111ty of this
paper, and its satlsfactlon in resolving JUSt that issue he asked

- of some weeks ago H1s response was,""Oh ", 'But was- it declara--

tive, 1nterrogat1ve or exc]amatory?
ThlS ]ast sectlon will deal w1th the under]ywng premises of
the MICROPIK modelwng structure,‘and their related poswt1ve and
negat.ve 1nf]uences upon the decwswon -making requ1red  We. w1l?
1n1t1a]1y examine the genera] ut111ty of such a mode¥, ‘and the
advantages to be enJoyed In addwtwon, some of the more common ,
d1sadvantages and potentlal pltfalls of this model will also bel n

\. S
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. discussed; and their ro]e i arr1v1ng at“erroneous conc]us1ons._'
F1na]]y, a tota]]y unso]1c1ted and thorough]y unbiased statement
of the .mp]mcatmons for th1s techn1que in. future decwslon-mak1ng

w1l] be made I L

Utility of the MAA Modefing'Procedure'- )

i

It near]y'suffices'to state, that the—multipie a1ternatives
~analysis’ framework adds to the eva]uat1on and dec151on mak1ng
‘sett1ng those components ‘which often seem non- -existent. in the
realm of educational decms1on1ng v1smoal1ty, respon51bml1ty,'
accountabiIity and crediBility In rev1ew1ng the’ afore901ng
114 . pages .of th1s techn1ca1 paper, what spec1f1c references ‘have
been made which would allow the reader to adopt a triusting att1-'
tude towards the MAM mode]1ng procedure 1n genejal, ‘and the
- MICROPIK app]1cat1on spec1f1ca11y? -

©

- s . 3 »

Mu]t1p1e A]ternat1ves The respon51bil1ty of the eva]uator
" and decision-maker is- to examlne feas1b1e a]ternatlves in reso]v-
”‘1ng a d1]emma, and then determine the most optimal approach to

.follow. The problems assoc.ated with not 1dent1fy1ng and def1n1ng

all avaijlable a]ternat1ves.are well documented in situations where.,'

a solution to a particular problem was declared undbtainable.
Other prob]ems, concerned more with contro]11ng for -decision- ‘
maker bias and the ]1ke11hdod of pre-arranged decisions, have a]sov

.. ~proved the utility for adopt1ng a mu1t1p1e a]ternat1ves' orienta-

‘t?on ' & . '

.Criterjon References. Accountab1]1ty in eva]uat1on and
decms1on -making .is 1nextr1cab]y linked to the :data utijlized in
formulating,, ana]yz1ng and selecting the dec1510na1 a]ternatlves

- in remed1at1ng a part1cu1ar problem- g:tuat1on " The process ;n-’

~voved in 1dent1fy1ng and deflnlng the: cr1ter1a for a requlred )

.
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o
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' dec1sion, the chojce of datum’ polnts for correbat1ng a cr1terlon -J." &
éareference, and the_measurement of these po1nts’for quant1fy1ng
' the necessary comparat1ve va]ues of these def1ned criteria b}

) Tends a v151b111ty to the evaIBato1n and dec151on mak1ng process
wh1ch is fully open to pub]wc (and pr1vate) scrutiny and cr1t1que

' Constx;uents may “not agree with the decisions made, but they must

, understand ‘the bases for these dec1s1ons and the’ va]1d1ty of . ¢
these under]ylng cr1ter10n foundat1ons 7 ' . g

. # . P .
. e Solut1on Membersh1o The. S1ngu1ar most 1ndefens1b1e aspect
of dec1s1on-mak1ng in a mu]t1p]e-a1ternat1yes env1ronment is. the
determ1nat1on of size. and identity of the final solution set.
The questions. of "how many" and "thCh ones" must be answered in
#a structured,Ksc1ent1f1c sense, ‘and as d1scussed above, ref]ect
. both the intent and demand of the cr1ter1on references 1mposed
;{; upon the dec151on1ng framework S " ' R -'._ ) {

b

Interactiye'Effects: Se]dom does an a]ternat1ve action -
: possess such qua]1t1es as to be an obvious choice for membersh1p
f . _w1th1n the fvna] solution set. More often, alternatlves will:
| ,d1sp]ay pgS1t1ve character1st1cs on.many . cr1ter1on references,
on]y to denote one ‘or two. negat1ve by-products wh1ch mé%’be un-' 3 o
des1reab]e to the system belng modejed The app]1cat1on of a °_"
main- effects model1ng des1gn al]ow§ pos1t1ve attribyges to’ canceﬂ
‘the displayed negat1ve features, and thus gylllflesggny contro]
~ over. such negat1ve 1mpact to the system aﬁ%a whole: should those : £
. a]ternat1ves be se]ected s’ so]ut1ons, Iﬁteract1vereffects mode]- S
1ng onhthe other hand contro]s not mn]y thellmpact of p?rt1cu]ar ﬂ ,gﬂ
"subsets of a]ternatives upon the system, but a]sg 1nd1v1dua11zes
s '_the effect of each aTternatlvefatross a]T of ?ts crjter1on measunes

* . - *

Focused 0pt1ma]1ty The questlons assoc]ated w1th 'what is C 'eg':
..possmb]e and 'what. 1s besﬁ' qddregs aTT aspects of dec1s1onﬁmak1ng B
'The conswderat1on of feas1b1e a}ternatlves, ‘and the s‘]ect1on of

YR
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some opt1ma] a]ternat1ve of a11 available a]ternat1ves' requires
the parallel cholce of an overa]] dxscr1m1nant cr1ter1on reference.
That 1s, once all of our demands have been met c6nstra1nts)' the

' one, swng]e best cho1ce (Opt1ma1) must be found based upon some
predef1ned point of reference (obJect1ve funct1on) Severa] such
points of reference (cyc11c opt1m1zat1on),a11ow the dec1s1oner ‘to

examine th% impact of potent1a1 a]ternatxves ;pon the. env1ronment '

o N K

be1ng mode]ed o . S o '-HTK{ [

‘

Trade Offs and Preferences S1nce a]ternat1ve so]utlons will-
o often dxsp]ay both posxt1ve and negatxvg attr1butés regardlng thelr ‘

o probabLe 1mpact( ) to. the system, dec1s1on-mak1ng must :
3 re11ab1y monxtor both the d1rectxon and extent of effeots to the

system be remed1ated While' many. ‘side- effécts ‘may ‘be- dhde51reab1e,fﬂ?§_'

~ the qua11ty of each a]ternat1ve s pos1t1ve character1st1cs must’

be a]]owed to model the. des1reab$e bener1ts of”that a]ternat1ve.‘_y'v,
“similtaneous1y, pos1t1ve and ‘negative charactenistics must be -

~allowed to- co-ex1st and therefore be measﬁreable -1n*order to o
tru]y mode] the rea] wor]d s1tuat1on ' e

<
¥

F . . . . \';.‘_,J
'Stepwise Soiution Formation ance some. aspects of any
decxslon impacts ‘upon other’ deC151ons wh1ch may be forthcom1ng,i

preparatlons must be made to contro] for the’ effect,of such ;,”
preced1ng dec1s1ons upon potent1a1 succeedJng dec1s1ons wh1ch may
be necessary to comp]ete]y sat1sfy stated constra1nt requ1&ements
W1th a. cr1ter1on—referenced dataset as- the bas1s for comparat1ve
eva]ﬁ%t1on among a]ternatlves, the se]ect1on of a s1ng]e dec1s1on
o wil] obv»ously effect the cr1terxon va]ues in some way. (assum1ng
f{ sv,of course, that the dec1sxon does 1n fact prov1de some degree oF',_
' remedlatlon to the system be mode]ed) In order to eva1uate’%he.”
remé1nder' of the system prob1em, th1s dataset. must be updated,_
to reflect the degree of solution already 1mposed by the cho1ce
',. of the prevxous decision (a]ternat1ve selected). Subsequent 4 _
" ana]yses wxl] then be ab]e to provwde a va11d and re11ab1e 'nextf

ol

Al .
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soJut1on ;o 1mpact upon the extent of prob]em "rema1n1ng "The';.
f1na1 entry to the soTutwon set is. reachgd when a: subsequent
5 ana]ys»s fa1ls to detect a new member and the Tast- dafaset updateg°

ref]é@%s system cr1ter10n referenced componénts as de51red

L EO Ty

. Smmu]atlon (Before) and Interrqgatwon (After) The fina] _
measure of ut111ty for the MAM formulation: Tles 1n 1ts ab111ty to. }
provxde both lnductlve and : deductlve reason1ng mechanlcs to ‘the ; :

' system eva]uator aﬂd dec1s1on maker Bas&d -upon a carefu]]y S
derlved set of cnhterwon reference; wh1ch aré deemed representat1ve
% stEm'being mode]ed and a]ternatlves which possess .

S ra pptiptlal to reso]ve an 1dent1f1ed prob]em -

wwthmn tnisﬁsystem fam the mu]tlple aTternatlveSvmode] is. ab]e to e
51mu1ate ghg probTem settwng, and thus derlve (vwz., 1nduce) the';l‘?i _

G necessary é%dutlonS'wh1ch ‘*eflect the demands and needs of the - o

_.fsystem. Moneover ih the case wher\\dec1510ns have aTready been' "

o presumed b§§3d upon some set. of cr1ter10n mérsures2 the MAM N

framework is %b]e to: qnterrogate the probTem settlng, and thus ;

derlve (v1gfﬁ:deduce) the demands and needs of the system wh1ch '

,ref}ect thékﬁ*prorT soTut1ons made.‘ Even in the event of ‘a set

'rof dec1swons'“1thout the- beneflt ‘of an 3 ent1f1ed crlter1on- |

: referenced datb

base, reasonable crfterwa can be postu]ated and @y
,subsequEnt]y me%gured agalnst the proposed so]ut1on set

. <. ° ‘,{1‘ ‘ ).'! S : 2 ‘f h e - b .-'.'.. |
. ' -~' I ﬁi E& L - ; : );l"" ;O, ' e :4. "' .
“37 dvantage and 0 ~'d,van'tages of MICROPIK -

e

The need fgjtest the content of dec1510ns for valldlty, and Lo
_the process ut111zed in arrlved at this” content for re]labsTIty,,-
J%suggests the rather superfTuousﬁassert1on that- any technlque for
"makxng dec»STOns has its’ prob]ems in® add1t1on to its Taudab]e . L
benef1ts. The MICROPIK modeTlng formu]atlon 1s (regretabTy) no - '-;-V
:77;TeXGEpt1on td th1s ex1stent1a1 assert1on. {f ;

3
e
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Recall the main goa]s of the MICROPIK structure to provade

- a criterion- referenced multiple- a]ternat1ves dec1s1on.ng model

for ‘evaluating CAI/CMI software and micro-computer hardware for
its comoatibi]ity with desired currfcu]ar-objectives and instruc-
tional activities~ That 'the mode11ng framework as exposed within®
the precedxng paper actually accomp11shes this task, posits the
ma1n advantage of the model over any other decisioning too] known
to-this author. As stated within. the preced1ng sectlon concern1ng
the utility of the’MAM procedure in enera], spéc1f1c advantages
are ass1gnab1e to the MICROPIK fraﬁewbrk in terms of 1ts ab111ty
to: ' g

PR

i ) B \'N
‘ ‘ e 5
tly provide an eva]uat1on framework for th-e'1 velop~ -

‘ ~ -ment of a set of decisions (solution set)’3

a 1arger'set of potentia1, mu]tip]p a]terna *Qes; ' -

\ ) -

. 123 utilize a cr1ter1on referenced dataset as 'the
- bas1s for compar1ng the d1rectlon and degree Ofw/
positive and negatxve attr1butes associated with
each of the potential, mu]t1p1e a]ternat1ves !
{31 control for the interactive‘effectsAbetween the
measured cr1ter1on values, the varxous groupings.
'(combwnat1ons and permutat1ons) of -the mu]t1p1e
c- a]ternatlves, and their resulting impact upon
A the system as a whole -- and thus determine the
members of the solution set in terms of "how _ ¥ .. "
many", and "which ones“, ' ‘
3] investigate the effect of'varying the optimality
design for each™separate execution (solution set

formation) -- and thus examine sequentially the
bxas1ng factors associated w1th each cr1ter1on
vector ' o st e

-y

.
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{51 oprepare azq§taoase revision strategy for imple-

' menting a stepwise-procedure in deve]oping the
final solution set; and . - \“\(\\\

{63 - simulate the impact upon the system as a whole
‘of potent1a1 dec1s1ons for remedlataon of the
def1ned problem, as we]] as 1nterrooate the

re]at10nsh1p of past and/or current decisions '”i“pﬁfl
., to thetagreed-upon criterion references ‘sup- s

porting those decisions. . SRR

’ . However the 1mp]ementat10n of the MICROPIK mode] also has
a number of disadvantages .associated with its utilization --.as
‘ therefore does the MAA model in general. These dwsadyantages can
be encapsu]ated w1th1n three: genera] fieadings: modei-re]ated,'
user- re]atedf and equipment- related. | )

Mode]-HeTated disadvantages are propably obvious to the .
reader’atithis point. The development of all possible,or feasible.:

solution alternatives, the definition of all sufficient and'
Ineoessary'criteria, the sca]ing-and measurement for each coeffi-/
_cient entry to the oriterion contraint vectors, 'and the tonoep-
tuallzatlon and computatlon of the appropriate RHS-values -- are
 enough to divert evaluator 1nterest to other less- sophlstlcated
eva]uatxon technlques,_and have been known to drive even:the mast
adrolt educational adm1n1strator to fItS of man1c depression.

User-related dﬂsadvantages are foreshadowed by .the initial

use of the terms 'math%matica] modeling' and 'simultaneous linear
inequalities', and.the tendency on the part of the adm1n1strator
to request immediate psychotherapy These ex1st suff1c1ent his- ;'.
s torical references to past eva]uators who have utilized quant,f1-_
" ablé evaluation techniques to‘masge the.real missions of their

endeavors, or to provide post hoc support to a priori decisions

L
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devowd of a valid crxterlon-referenced framework The use'of any
new: term1nology is greeted w1th the criticism of "Jargon“, the
use qf ‘mathematical techniques with the criticism of,"..."not ' 77
everything can be quant1f1ed .f. dnd. therefore, nothnng shou]d

R be‘;.. ;» and the use of soph1st1cated dec1s1on1ng strateg1es and , <

(as we will soon see) e]ectronlc computers with the cr1t1c1sm of“7
... too hard to understand .. too techn1ca1 for consumpt1on by
: the general public ... and therefore not\useful .;.“. \
: - ' : ' o - 4-

"Eouipment relatéd dis&dvanta@éi are fn rea]ity the true in-
surmountable barr1ers to the accept&hce and subsé;uent use of. any
E MAM des1gn v A]though .the author has ‘on occasxon (but 1nfrequent-
1y) so]ved’MAW problems "by hand" --#his is not the preferred
technlque. Therefore,‘the use of computers js the modeler's

salvation. But to utilize these computers, spec1f1c software .

packages must themselves be available (or written) to correspond
with the requ1red mathematical brogramming aTgorﬁthms needed for o
' MAM solution. While such packages are ava?lab]e (e.q. ' IPMIXD'
"MPOS, EZLP LINDO) they are nof a usual software component on
most computerlzed hardware ma1nframes. And unfortunateTy, most
-evaluators have not been. 1nstructed in thelr use, let a]one the$r

1

existence .and utility. ; \_- )
F1oa11y, the MICROPIK formu]ar1zatlon of the genera] MAM _

“mode]l is (unfortunate]y "though not apo]ogetlcally) a comp]ex : -

' var1at1on of the multiple-alternatives, .integer programmlng Sys-

'tem., The use of alternative sect1ona1s, and separate criteria

Lo relate various 'sectionals for cross- eva]uatlon, adds to the .
potent1a1 confusion and conf11ct on the part of the user and the ke

'pub11c whose needs the modeler s attemptlng to sat1sfy . //

»,
)

‘ Currently,,the evaluation of curriculum, courseware and
hardware for CAI/CMI implementation proceeds.in an of®n undefined -
 manner -- haggware is purchased; the.existing compatible software .

¥ e -
1
T - .
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is examined; and curr1cu1ar obJectwves or Znstructwona1 activities
redesigned to fit the available Courseware perogatlves In etfect;
the classroom teacher is; 'Tocked-in' to a hardware device, which
in turns narrows the ‘choice of softwarey. and thus ultimately de-.
fines the satisfaction of partlcular obgedtwves More and more,

sdhoo1 dlstrwots are examlnwng software erst then the hardware

.devices for compatlbllwty, and so forth. Nhl]e the newer trends
in eva1uat1ng CAI/CMI are producing more sat1sfy1ng resu]ts, the -

ability to contro1 for all mu1t3p1e a1ternat1ve 1nstructwona1

©+ activities while satisfying (te some egree) all curricular ob- -

»

-Major Pitfa

jectives, and relate these to the avafable courseware and hard-

s-and Erroneous Conclusions

Within the cons1deratlon of- advantages versus d1sadvantages,
we: a pr1or1 assumed a successfu] de51gn, construction- and execu-~
tion of the MICROPIK model. Now however, some time must be-ex- ‘
pended in discussing the potential prob1ems assoc1ated with the 1 .
1nappropr1ate design, jnvalid constructlon and/or unreliable ex-
ecutlon of the mode11ng framework - N

As has been reiterated throughout this paper, inappropriate
design iS'usua11y associated with the exe1dsion of some alterna:
t1ves whatever reason) from the mode11ng framework .For
examp1e, ghe abserae of various instructional act1v1t1es and thegr
relationships to potential courseware avawlab111ty w11] automatl-
cally preclude the mode 7! s potentla] in sat1sfy1ng their needs

‘Likewise, the absence of a particular criterion from conswderatlon 1 i
‘ will preclude the model's ablllty to control fol that critérion’s

impact upon the - system =~ which may be p091t1ve or- negat1ve,~and

maybe even d1sasterous \> s .. N : ‘u

- ware -- has not.been possible (until MECROPIK, obviously). ' . - &
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The appearance of 1nva]1d constructlon!as a maJon p1tfa11

- often takes ‘the form of prob]ems assoc1ated 'with the sca}lng andl

measurement of the cr1ter1on coeff1d1ents (vector £qmponents)

- and is thus a secondary prob]em stemmmng from 1nappropr.ate .'

' the actua] binary: so]utlon ‘vector. -

. and second, its 1ncorporation into: practice.

.'crlterlon referenc1ng,_ Problems will’ a]so arise.based’ upon the
: crlterlon s measure and lts utility in descrlplng system 1mpact -“

based upon a- row-vector summat1onﬂ e
. . . e 7»//_

S
B
57
e

. Unre]xab]e executlon ns a frequent prob]em assoc1ated w1th
the constructlon of the RHS-vector; and the comp}ex festrwct.onf
versus ‘relaxation effect these va]ues have upon the summatlons

*

~of the<¢individual criterion constramnt vectors. The use of the
cyclic opt1mlzatlon strategy a]so prov1des d1ff1cu}ty for the
'malntenance of* re11abllfty; 1nd1scr1m1nant max1m12at1 '~

1m1za on) can introduce confllctlng demands to the system, and
produce solution sefs 1n direct oppos1tlon to one another.{ In
add1tlon, compllatnon of the various cyc11c,solutlon vectors
into a f.na] sedect?gm ta]]y vector (though valid) can a]so pro-
v1de a.new source of unre11ab111ty to the f1na1 determ1nat1on of

C
f

~

_ SR . o . o
"In:genera1‘however, once\a]T of the procedu?eagjﬂtechnique-d
“oriented, and sequentially-defined prerequis{tes have been: met,

the major problems associated'with the MICROPIK modeling -

\

. L3
situation remain: first, its 1nterpretatlon/for dec1s.on mak1ng,

W

. . 0 . . . .
e ) . . . . -4

The interpretation of MICROPIKAresults must ﬁnc}ude‘a firm .+

understanding of the MAM process, and its evalyation structure.

41.Thjs"is the reason>for expending- the. time and‘ehergy in'the .

@

current deve1opment of this research paper Ind,v;dua1s who
accept the premises.upon thGh the MAM technmque is bUI]t and

the postulates of mu]t1p1e a]ternatwves eva]uatlon and cr1terlon-~"

.referenced contro] - must also accept the notlon of trade-off:
Co \ A - S :
BN 288 ) - . .. ‘l
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W 03mipact Other m1s1nterpretatxons surround the, 1dea .of 'what was

" and preference structure, and 6ptima13ty¥( A common problem has .

]

\frequently been. .the erroneous Conc1u51on that the model's_

dec1s1on concerning solution membershlp is- devo1d of any negat1ve

' the problem as defined (?)', and therefore does the solution

)

tru]y solve the prob]em, or mere]y cope with the actua] prgb]em s -

. negative jimpact. kfor exampIe closin schoo]s does not skoe the

13prob1em of declining enro]]ment but does permit a rational and

accountab]e means of . cop1ng with its effects. Successfu] execu-

't1on of the MICROPIK model ‘will provwde the best fit of course-.

. ware ‘and hardware with des1red activities -« but ' ‘may not be able

'-,to meet all of the desired needs. 2f11m1tatfon of a’single
e

hardware dev1ce, and a partlculajgg ponderance of cgurseware on

\ a partlcular hardware unit may Jequlre the sacrlflce of a single
.discipline's CAI requ1remeﬂts " due to non- compatlble software on

" the preponderant dev1ce chosen.

»

) SR

A o o
The 1ncoroorat1on of MICROPIK resu]ts into practice must
never be the resu]t of solely fo]]ow1ng the b1nary&1nd1cators of A

the f]nal so]utlon set vector The mode]er mustyr;tall that the
membersh1p of the so]ut1on vector resulted from -a mathematical

: ana1y51s of a number of, crxterlon or1ented 1nequa11t1es, which

themse]ves were products of def]nltlon, referencxng, sca1qng and
measurement -- and therefore all of the} problems assocxated {
there1n The degision- maker must Took upon the MICROPIK resufts
as structured, controlled "suggestlons", and -in many cases JUSt

“further "1nput" to the dec1s1on1ng process which always reSts
in- f]na] form N1th a: flesh and blood person. Contrary to pub]1c,

wide- spread pred.ct»ons of doom, techno]ogy wi.ll never rep]ace

- the human dec»sxon-maker - a]though the potent1a1 1s there to

Implications for Future Application

make’ that decision- maker more valid, reliable and honest

-
.
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In chsind this most laborious but‘véry'satiﬁfyinb project,.
the. forthcoming criticism from individuals who be]weve nothing
- (or at ‘least, choose not tp) unless it js accompanled with reams
~of data. pr1nt outs, must be addressed and thewr concerns fully
acknowledged.. ' )

Lt N L ) . . . Xy
‘e N .

‘computer ‘hardware, compat1b1e 1nstruct10na1 software_
. courseware) and'related CAI/CMI'curricu1ar objectivesfand : .
"1nstruct10na1 act1v1t1es -—- has as of the-date of thl gaper not
‘;been accomp]wshed In- fact the author is currently developing
.4 a greater d1vers1r1cat10n of criterion needs and references for
- input to‘the mode] Fleld -testing of -the mode] is currently
~ scheduled for the autymn 0

,19821 and is expected to involve a
~«_ large number of $chool distri
*‘jfr“frequenctEs4of*observation—to—

s Min Qrder to obtain sufficient

isons between model types, -and - ‘upported software packages It_
is a]so the 1ntent of this author to 1nvo]ve each of the maJor
‘hardware and software dwstrwbutors (as much as possible) in. -the
design, deveprment, cqnstructlon‘and final 1mp]ementat10n of -

- the'MiCBOPIK model. 'Obwioﬁsly; snch~cbordinat10n requires a

L great deaI of 1ead-tfme; and much to my chagrin, can not be
mode]ed in a muTtip]e-a]ternatives.setting (or can it?).

-
9

“Another obvioﬁs]y‘ﬁajor port{bn of the intended piloting of

the MICROPIK formu]atlon will depend. upon the ablllty of’ school’
d1str1cts to deflne their desired CAI/CMI needs; and then re]ate
these needs to spec1f1ca11y deflnable and measureable 1nstruct10na1
~activities. States such as HASHINGTON which have begun concerted
efforts to direct each school district to deve10p<“stndent learn- *
ing object{ves"'?SLOS) for each disciplinary or curriculum area,

w1l1 provide greater facilitation in the final derivation of CAI e
and CMI currlcular obJectwves and »nstruct1ona1 activities. And-

~

. o ' 200 . . . f\%l'

ford—the—necessary ¢éross-compar-. -

¥ |



4
ha
W

of course, only those schoo? d1str1cts whxch have the necessary
m1crocomputer hardware and courseware will be 1nc1uded in the -,
project if they so desire. Large purchases_for data process1ng, )
technology is not a priority item for districts'yho'are currently
forced to RIF e]assroom teachers due-to budgeting problems.

The interested readen 1s 1nv1ted to contact the author, and
'begwn communications wh1ch m1ght prov1de ‘a basis for cooperat1ve‘
"ventures in t1sfy1ng the uncom1ng requirements for a full- scale :
field research Others are .nv1ted ‘to. stay tuned to“fhr;her

g deve]opments 1n the MICROPIK process, and its jmpact upoh the

general eva]uat1on and dec1sxon makxng structure current]y found -

in most‘schoo] d1str1cts .. same BYTE:t1me.... same BYTE channel.’
' l ' A L

+ 201



PART III _—~

EXAMPLE OF A COMPLETE Q.UANTITATI\"/;/SOLUTION .
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A NOTE: Portions of this field pilot were conducted by,

" THE FIELD APPLICATION.

ia

John M. Sullivan of Sumnery Washington =-- who
was listed as second author to an earlier writing
writing and documentation of this investigation.

Part III ngw prepares to address the iSsue of actually’
operationalizing the\t1a1ms of the first and second parts. That

. is, can a_ stfuctured dec1s1on1ng system be formulated to evaluate

~ units for fiscal roll- back in-a budgetary crisis; and can such a

- midst of a severe, financial emergency. JIn al

}4

the spec1f1c criterion- referenced alternatives of varlous program'

criterion-referenced, multiple- a]ternatlves model be ut1?1zed _
confldently in a funding deallocation s1tuat1on7
The author has had the distinct thougé/unfortunate)
advantage of residing in a state which now fings itself in the
ﬁ$\§agtors of "
education, from the state policy level to the realm of the
classroom teacher, alternatives are now being studied to brace
for a cut to state-support for both K- 12 and post secondary )
education. Tp present the de51gn and utlllty of the ROLBAK
formalization, a single school d1str1ct has been Qe]ected for the
required piloting activities to demonstrate the ROLBAK
fonmullzat1on ~ 7

Need for the Research ' «

In an age of expanding tethno]ogy, the ro]e’of sophisticated

ul-

field adm1n1strator thhlng Supports this view more strong]y _ ﬁf



" assessment - of performance but also a measure of the pnbgram s
o demand ‘and’ need., - As- the dec1s1on-maker adds the cr1ter1a of . heed
. and demand to the‘ﬁﬂready generic criterion 1ist of L0
o effectxveness, eff’c1enc;%7satlsfact1on and expend1ture, the ro]e1

e us - .

N g P N e

°

than the récent Advance of computer techno]ogy 1n part1cu1ar.
Yet, those 1nd1v1duals who .could best afford the advantages of

)

. such soph1st1cat1on rema.n the greatest. obstac]es to the accep-

tance of sophxst1cated tools as a beneficial too? fon déta ana]y-

Sis and evaluation. The s1tuatxon surroundxng the fund1ng
A A

<«

dea]]ocat1on of spec1f1c programs 1s a. c]ear examp]e.

LY ‘.ﬂ-' Tt RN .
Scant _resources requlre a.reV1s1on of expand1ng service. -
;act1v1t1es.' Comoounding the ‘problem: of forced dec11ne is the:
fact,- ~that many years of aff]uence 1n,the ava1]ab1l1ty of w1de,‘
\d1verse service. de11very now’ §1ouds the 1ssue of ;which services

are essential- and which. are . luxury -~ that “is,. the. d1fference

v

T between ent1t1ement on the one hand, and enr1chment on the other.

1Therefore the evaluation of current operat]ng prognams'for .
p0551o¥e e11m1nat1on (or reduct1on) will not only requ1re )

.

~

of a mu1t1p1e a]ternatxves formu1atlon to determ1ne programs for
retent1on VS.' reductxon v1a an ana1ys1s of mu1t1p1e, compet1ng

. cr1ter1a becomes paramount . L s o

. *

-

ana]Ty, ‘the, need for a. demonstraééon of a cr1terlon-

' referenced mu1t1p1e a]ternat1Ves dec1s1on1ng mode] is’ dxctated "

by the para]]e] need of due process.~ Not only doeS&the dec1sfon
maker need.to be - conv1nced .of the eff1cacy of “a carefu]]y for-:

. mulated MAM framework but the program partﬁc1pants themselves °
f need a firm understand1ng of . the. mode]1ng perspect1ve. Peop]e

”affected by the mode] generated so]ut1ons (in th1s case,, programs
to be terminated) must accept that their persona] ;nterests vere

- part of the dec1s1on, and that the reTevant cr1ter1a were taken

.into account in the preparat1on of the final decxs1on ]

v ) ' c e
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Purpose of the Research

“

The mission bf fhis_undertaking'is two-fold; first, to

- demonstrate the deve]dﬁment and design of the multiple-alter-

" natives analysis framework for the area of fiscal roll-backs;
and second, to assess the relevant jssues of decision validity
and ﬁode] re]iabi]ity'for the reader and potehtia] user. We as
sc1entxsts fully realijze, that acceptance of our technique can

1 reasonab]y come only after max1ma1 critique and scrut1ny. We
have endeavored to step-by-step annotate the development of the
ROLBAK mdoel for this perticular study. And, we have'employed
the'qse of parametric statistical procedurés in order to assess
the model's impact upon the task at hand.,

That task is this. .vaen an existingAdistrict orogram of 31 .
individual and distinct units, and the ccsts involved -~ prepare,
execute and evaluate the results of a mathematical modeling pro-
cedure which utilizes a‘criterion referenced base for'determining
which program units remain operat1ona], and which program un1ts
must be d1scont1nued.

-The cfiteria fnvo]ved represent the identified expenditure
requirements of each program unit,-delineated across the eight
"objecc" categories ef a program budget; and a single meausre of
Subjectjveéopinion on the part of central office administrators
as to’which units are more jmportant than others. We limit the
inclusion of criterjon references to only nine‘indicators for
ccnvenience only. Many other measures muét be included in the
final decermination of units to be deallocated. HoweVer, the
demonstration of the model's utility will not require the loading
of all relevant criteria into this p110t1ng formu]ated~mode].

oy
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Overview of the Research _ . ?

-—

2 G- . . .o
The outline fér the contents of Part III have been
constructe&'io accommodate a chronological discussion éf the
ROLBAK model's design, data cénstruction, execution, and post-héc
- evaluation, : -

. : Bed

- - . \ a

The fo]]owwng section deals with the constrch1on of the
database for subseguent MAM-ana]ys1s ‘The nextufwo sections wxl]
then present the rationale-and methodo]ogy for utilizing the T-
normal transformation of the new-scaled measures (do]]ars of
expenditure). In add1t1on, a brief discussion of special con-

siderations in dealing with scant matrices will be presented.

The fifth section deals entirely with the search for initial
model feasibility -- that is, the identification of the correct
mix of constraint values (RHS) to permit an initial solution to.
. the " model. '

The next two sections present the results (solutions) deve-
Toped through the use of "restricted" and "relaxed" models,
‘respectively. These two sections have been developed separately f
to highlight the differential impact of weighting;

;

The final two sections provide both a comparison of the
restricted versus relaxed solutions, and a generalized discussion
of the total ROLBAK performance under analysis.
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h ' CONSTRUCTION OF THE DATABASE - . .
. ' K =)

N L o ' . . S P Y
A]fﬁough an actual field application (i.e. "for real") of

ROLBAK to a fiscal emergency would -necessarily 1nc1ude many.cri-
terign references to effectwveness efficiency, need, demand, -
satisfaction and expendfture; the authors have’ 11m1ted the pilot

- of ROLBAK to a small aggregate of measures. Under the broad B A
title of 'database' will exist the pumerical values required to . ;7§$§
>operationalize the functions of the constraint matrix, con- .

‘ ditional vector (RHS), and the 6bjective‘function Fidalﬁy
three distinctly different scales w111 be used‘tavdemonstrate the
versatility of the model's data-wnput requirements.

Source of Data

-+

Data for the model's execution repreSents two generalized
measures: (1) a measure of exbeﬁditure‘requirement(s), in
. thousands of dollars; and (2) a measure of subjective bias,
ordina]]y;scaled_in units of rank (i.e., 1,2,3,...).
~

! ., The expenditure data js input to the model in two separate
faghions. The first, segregated by object-category, provide
eight (8) separate ekpendirure amounts for each of the program
units under consideration. These object categories are defined

as projected allocations.for:

1. CERT - certificated salaries

2. CLAS - classified salaries

3. BENE - employee benefits

4. SUPL - supplies and materials
5. INST - instructional supplies
6. CONT - contractual services
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-c o f 4 ‘ .
7.\ TRAV - travel expenditures
8. CAPI'- capital outlay

- | a o

’

These measures (originally in SiQOO's) will be later transformed .

into T-normal scores. secondly, h category of ‘total
expenylitures’ requ1red will be 1nput to the mode] This par-
ticular ce;;??a1nt will be utwlwzed to eff1c1ent1y control the
cutt1ng bxas' of the model executwon. '

' . . . L%

—_— - Ve e -

The second, 'deneral input. manner wili be an ordfnaTA“Eank of N

perce1ved expendability" attrlbuted to each of the individual
program units. Central offwce administrators were directed to
rank the programs'uhder consideration as to their degree of rela-
tive expeﬁdabi]ity, with 1 = most expendable.
. : 3

For this partlcular ROLBAK p113t, ‘a total of 31 programs -
were evaluated to determine the membersh1p of the target set for
deallocation. The criterion indicators to perform the MAM analy-
sis included eight measures of object expenditure and a measure

of perceived expendability, as well as a measure of composite
expenditure.

{

Method of Data Generation

Total projecfed expenditures for each of the 31 identified
program units were delineated 1nto 8 object categories, as
available from d1str1ct office budgetwng records. ‘Mhe rank-
measures of perceived expendability portray composites from the
aggregated ranks of four staff members: superintendent,
assistant superintendent, and two administrative asSistants.

In addition, the e{auf objects were summed to provide a i
measure of projected totallexpenditure by unit. The utility of

\
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this composite measure w111 be dwscussed in a later sect1on

Where no expend,tures were\hoted Tor ‘a part1cu1ar program under a

specific object, the value of 0 (zero) was assumed. Such zero- -
» cells form a scant (or sparse) matrix. Necessary controls for

‘the ana]ys1s of scant matr1ces are d1scussed in the succeeding

¢ two sections. .. R : o

Matrix Format1ng for MAM Utx].zat1on . . o -

{Figure 8> displays the rawﬂaatabaSe to Se traﬁsformed to
T-normals (see next section) and subsequently evaluated by the
MAM procedure Note that the mode] will 1ncorporate 10 cr1ter1on

measures for ana1y51s expend}ture by obJect (8), total expend1-
ture. by unit (1), and perceived expandability (1). As will bex
discussed in a later section, the total unit ekbenditure criteria.
will be utilized twice under actual model execution: once to
establish a-level of minimal cuts, .and the second to provide a
upper bound‘on the model's 'cutting' (we'did not want the proce-
dure to go "wild"). ) Py ' |

Recall the reason for the database described in ¢Figure 82.
These measures will guide the ROLBAK analysis in determining
which units will be allocated vs. dealldcated funding -- based
not only upon their expected expenditure by object but also upon
their deyree ofs perceived expendability. In addition, the |
measure of total unit expenditure (across all 8 objects) will be
utilized to Eontrol for determining when "enough -cuts" have been
made 'to balance the new budget limitations.

——
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Figure 8. .Initial Raw Data Base for T-Hormal Transformation and Entry into ROLBAK Procedure.
. ) - > T " ) . .- v - 1
r— : 3N Budgeted Expenditures in $1000 by Object ) : '\
[~ 7 T T T " TOTAL'[ pCP
T 083-3 | 0BJ-4 osJ-5_|- onJ-6 0gJ-7 | , 00J-8,
[BEOE} sueLy |oonstyS| eenry (TRAV] | “IcAPIY | .-
. 5.5 20.0 Co : 7.0 1 87.5{) 19
.5 3.5 ‘3.0 170 -12.5 44.5 18
.5 ] S ' 10.0 | M.5) - 23
1.0 9.0 »5 5 6.5 715 13
5.5 1.0 |. 155 | .5 7051 1 14
1.0 7.5 , 4.0 32.5¢ 115
3.0 5.0 .5 3.0 51.5 |16
. 1.5 |. 1l.5] 25
19.0 3.5 17.5 34 |4
_ 3.0 ’ 1.0 -, 4.0 '17
1.0 16.0 ' "1 16.0 - 8.0, | .sa.0]- 21
1.6 (2
6 5 > 5.5 24
.5 5 4.0 20
3.5 3.5 36.0 1.0 116.0 11
1.0 22.0 23.0 7
: o 107.0 107.0 10
; 13.0 : L 13.0 1
: Co . 2.0 9
e . o 1.0 : . 1.0 8
21 14.0 ‘1.5 - ' .5, 16.0 30
22 ) O 5 10.0 10,5} + 28
23 Sl 340 9.5 11.5 il 55.0| 26!
24 1.0 Jp 5 2.0 1.0 ' 4.5 29
25 : 2.0 .5 . 2.5 3L
26 10.0 3.0 . .00 | 7 19.0 12
27 1.0 : ‘ - 1.0 3
28 : 1.0 : ' 1.0 5
29 1.0 .5 .5 . . 2.0 22
30 : 2.0 10.0 . T 12.0 27
131 2.5 \ 2.5 6
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INITIAL T-NORMAL TRANSFORMATIONS -  * .

£

One of the or1g»na1 directions to this text was to present
the versa$1l1ty of the MAM framework to accept a w1de array of
meastrement scales as 1nd1cators for -the valués of thé criteria.
Although not discussed at length, all sca]eS'Ei.e. nominal;
ordinal,’ interva] and ratio) can befécccmmodated by the MAM
model. . | ‘ - o "

.
]
’

In addi%ion,zgée MAM framework in general and ROLBAK “in
partiéu]ar, can bef structured to model one of two situations (or
both)'concerhing measured impact: impact of the system mode]ed
spec1f1c to the individual effect for each alternative's value;
and.. 1mpact to the 'system modeled generalized to the collective

effect for all a]ternat1ves' values, Briefly, the need for
~control of specific, individual-effect (the former) addresses the
" .need to measure the uti]ity of each prdgram alternative, and its

absolute abi]ity to coexist wfth other a]ternatives as part of

the solution set. The use of a control for generalized, collec-
tive effect (the 1atter) however, addresses a less rigorous need

. to measure the ut1lxty of a program. a]ternatlve, and its relative:
“ability to. become a- member of the so]ut1on set. ’

:>; - 7&’-”5"\

-

Extensive research has been accomplished over- the past five
years by this author to understand the 1mp11cat1ons of a ~

,‘:generaiwzed, co]]ectwve -measurement system. for cr1ter1on eva- .
'”ﬁﬁluat1on ‘and ‘control. Spet1f1ca]1y, this research has cent‘red
**7ebogt the usefu]ness of standardized Tnormalized) measures to
‘accomplish this collective control need. Early work with z-
’scoreélwas-satisfactory, but required vigilance for the arith-
" meticf%mhect‘qf weights beneath the mean, that is, the negative

values of - 2“§éore. Conversion to T-normals precluded such
concern, and forms the primary measurement scale for the object
expend1tures 1n the ROLBAK model.

2

~ o
Y
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The use.of standardized meacures a]ﬁows the decision- maker
to measure the relative 1mpact of each criterion's weight (for
each unit a]ternatlve) w1thout belng concerned about theé spec1f1c o
do]]ar amount.. Reliapce upon *relative 1mpact via the Mobject" ’
criteria is valid within the ROLBAK'system, since an add1t10na]
f‘~criterion of- total expenditure for each program unit is present.

. ’ : [
‘“ : e . . fi ’ .
. .

Transformation Considerations for a Stant Matrix

Before proceedlng w1tH a spec1f1c 111ustratlon of - normallzed
transformat1on we add a cagtvonary note concerning data matrices
with a high number of empty ced]sf Empty cells norma]]y mean one
of two things: e1ther the measure was 'zero', and therefore a
. zero was entered; or the criterion was 1nappropr1ate to that par-
" ¥icular alternative, and therefore no meddure is. possiole. As ‘we
said much earlier the ch01ce of re]evant criteria which are -.'”
' app]1cab]e across all a]ternatlves will preclude the mode]
builder from .the need to control for soph1st1cated confounded
effects frmn1rre1evant cr1ter10n variables. ~

2

For ROLBAK ‘the amount of zero -cells monstpiziig zero- cost
1n part1cu1ar objects for certain alter atives is y 1arge - x
1arge enough to call the data matr1x///?scant"'or "sparse" ‘matrix
(more zeros than not). To contro)/for this situation, and to
provide a better environment fpr/the use of the RHS contro]
values, we chose to exclude e empty cells™From ca]cu]at1on of

“the normalized measures.

- ’ v , )

This is to say (please, read very carefully now), that:
o) . .

: e SRR
the normglized values associated with a particular

criterion, demonstrate the relative wejght of that cri-.
terion for the individual unit, relative to the other

’
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« unit weights where such cr1ter10n expend.ture actually
“exists. . : N
(Y@U* an stop reading carefully now! )
In eitect the zero wewghts den@twng no expend1ture are not
| part of the or1g1na1 dlstr1but10n “that will compute the standar-
dized measures; and thus theuca1cu1ated weights will be more con-
versant with the other.unit values where cryter1on expenditure
faetua]]& exists. |

o e

an

" First Stage Transtormation to Z-Scores
o ]

" The following subsect1ons are presented in br1ef to he]p
those readers th‘have misplaced their stat1st1cs know]edge (who
has not?). SRR . ' - s

o . 2
R A z-score is a normalized measure, standardwzed to reflect
the relative weights of each of the raw data values which férm
a spec7f1c d1str1but10n of:scqres (in our specific case, the v '
distribution of expected expenditures, by object category). A z-:
score represents the mean of the raw dfstribution as a '0.00',
, and the standard deviation as a '+1.00'. That is, a .raw scbre
which represents a sing]e_standard deviation above the mean of
the distribution is computed as a +1.00. “L&Qa score is one and.
one-half times the stndard dev1at1on below the mean, it is
represented as -1.50; and so forth. '
" For the zealots among you, the transformation,formu1a for
R computing’ a z-score form a raw distribution is a follows:’ '
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where, ' ; g k

\\\ . .and, ' IR ' . , 3
s - - &'(;tandard'dev{étidn)

Y

subject to,- . RO

S

o . | L, = 1,2,...Xt,va1ues. o

Second Stage Transformation to T-Normals

[

The use of T-normals is simply suggested as a useful tech-
nique for .circumventing the negative y]ues'of z-scores (or
“z-normals, if you wish). T-norma]syare“étandardized measures,
with a mean of 50.00 and a standard'devfatfbn of 10.00. Thgi, a
negative T-normal would result 6n1y from“a.raw measure, whose
value resides greater than 5 standard deviations below the mean
~ of. the distribution (somewhat unlikely, in the usual case).
\ ; : T

— —

: . o L - .
T-normals are computgd_djrectl} form z-scores; as follows:

Ty =10.0(z;) + 50.0,

’

such that a z = -1.0 bécomes a T = 40.0, a z = +2.5 becomes a T =
75.0, and so forth.
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FORMULATION OF THE ROLBAK MATHEMATICAL MODEL

B
LI

. The reader‘is redirected to <Figure 7y tq rav{en tﬂé format -
of the generalized MAM frameWonx . Recall that the model utilizes
three distinct though obv10uslj xnterre]ated segments. The
o : fxrst the constraint matrix, contains the coefficients for the
s/stem of simultaneous linear inequalities (and equa]1t1es)
whose 1ndependent variables are the alternative program'units;.
Therefore, these coefficient va]ues are reallj the cr1ter1on
 Measures associated with each 1ndependent var*ab?e S
"performance" or "need". ~
The second distinct segment the condwt.ona] vector (or
~  ‘"right-hand-side"), contaxns the compo te measures which
~ restrict the summations. of the coeff1c§2nts of the independent
;'var1ab]es, as those 1ndependent variables are evaluated for
inclusion w1th1n the final solution set. These RHS- va]ues are
the upper {(or lower) bounds associated with the 11near

inequalities, and the etht standard associated with any 1.near
-equation. R
The.. last segment, the“Qb1ect1ve function, prbvides the ;iﬁ‘

gungng force behind the se]ect1on of alternatives for membensh1p
.. | within. the so]ut1{E}_set Reméﬁber that objective function
(sometlmes referred to. as cost vectors, whether measuring cost or
not) must be either max1m1zed or minimized, .depending -upon the .-
objective of the problem modeled. Maximizing (or m1n1m121ng) the
summation of the objective function. is referréd to (in
fashionable circles, of course) as opt;m1zat10n.

A

Under optimality then, the goal of the model is as follows:

to formulate the "best" solution mix of alternatives .
based upon the values of the objective function; given
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the constraints dEfined b/"the s*mu]taneous system ot
-, Tnequalities (and equa11t1es) as modeled by the
éantravnt matrix, and the Timits provvded bv the con--
~ . ditional vector. . .

- " - I ‘1 .
o

The Constraint Matrix } S . o . %
\ - . ¢t o T
To formulate the ROLBAK problem,: a total of 31 fndividually .
funded programs. were defined for éva]uetion. Each program's -
bﬁgget was delineated into it's indivfdual ‘object‘expenditure'
requi?ements (cert1f1cated sa]ar1es, 1nstructwna] supplies,
etc,). These initial eight. expenditure breakdowns form the first
8 constraints of the constraint matrix; and are entered as T-
normal transformations. The next two constraints are identical
veqtors conta1n1ng the tota], compos1te expéhditure requirements
S for each program unit. Expressed in thousands of do]]ars these
two vectors will provide the basis for contro]11ng the model" s
- final, total amount of final dea]]ocatxon._ The last constra1nt
DS i'vector, in ‘the matrix, contains the ranked values for the _
' | "percejved expendab111ty" of each un1t where 1 = most expendable
and 31 = 1ea§t expendable.

2y

~ Thus the chiteriqn coefficients of the constraint matrix
represent EEEEE distinct measurement features: T-norma1s |
measured in standard units, total expehditure measured in
thousands of *dollars, and expendab1l1ty measured in ord1na]
~ ranks. 7 ‘ ‘ '

v
K

N | Conditional Vector for a Scant Matrix .

The RHS-values of the conditional Vecter served to opera-
tionalize the simultaneeus 5/stem of the constraint matrix;. that
is, they establish the Timits whvch ‘the vector- coeff1c1ents sum-
mations must comply wwth

309




For &e initial 8 object-expenditure constraints, the .

RHS-va]ues are computed to effect a genera11zed mpact .upon the

system as a whole treat1ng¢a]] objects . equally. Thus, expen-

d*tures orowected in any one categorr/ﬁ%~not place their assoc-

.g-'~“ . iated programs in. /e1ghted Jeopardy Although in some mode]ing
cases such weighting will be desireaple, the current examo]e

.weights é]] equally for demonSLratwon purposes These spec1f c

values will be d1scussed“at,1epgth in the next section. )

coefficients represent composite object e henditures for each
program. - The district's'current operating budget comerised 893.5
(thousands) dollars. The goal of the mddel was to develop-a plan
_fer effecting a revised operating level of not 1ess than 675.0
dollars (1000's) nor greater than 700.0 dollars (1000's). “To
model this objective (constraxnt) the sum of the f1rst vector
was limited to 675.0 (greater than or equal, and thé sum of the
"second vector to 700.0 (less than or equal). In effect, th*s
'bracketing" allows a 25.0 do]]ars (1000'5) flexibility factor
for mode1 eva]uat1on v ' ' '

/

The next two constraint ‘vectors areiigpntica]in that their

The final constraint, the measure of perceived expendabil-
1ty: was modeled to effect a smaller sum (minimized).. This was
nece551tated due to the fact that a smaller rank represented
greater expendab111ty -~ and thus, the sum of sma]]er va]ues pro-
“duces a "preferred" smaller amount. | .é

+ The considerations. required for a scant matrix involve only "
" the first 8 inequality vectors. However, the sum of zeros will ..
. not deter from the utility of the conditional vector in success- '

*‘fully cohtro]]ipg the sum of the remaining sums. Since the empty .

ce]]s represent no expenditure for that part1cu1ar object, the
cholce of the associated program unit will not contribute to the'
RHS-requirement (1imit). (Again, please refer to the next sec-
~tion for a more detailed discussion.).
310:. o
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h,Cyc]{eal'Objeétive Function - T

-t

| ( S1nce the construction . of the obJectwve funct1on, andﬁthe
.subsequent maximization or m1n1m,zat1on of its sum, def1nes what
we ‘call optima11t/ , the content to the. O F. is a. b1as1ng factor

to the model's eva]uat1on of a]ternat1ves. It is reasonab]e to _
'expect a d1fferent mix of solution a]ternat1ves, if. the model - .
~utilizes a d1fferent objective function on changes from max4ﬁ1;a—
't1on to m3n1m1zat1on of\the same obJect1ve vector. A ‘; o '
ROLBAK exam1nes the- effect such man1pu1at1on has upon so]u-
‘tion resu]ts by CJc11ng each individual ronstra1nt vector thrdugh~
Tloa separate executwon as the obJectlve funct1on. Moreover, the . o@fh\
focus. is a]tered to 1nvestxgate both optwma11t/ dwrectﬁons, maxi- v

“"1g§§pzatwon.

\ 4m1zat10n andf

B

.The Prebjem“-
of the MAM framework d1scussed above,

ode] will se]ect (XJ = 1) ‘those program
at are to receive funding.

vaen the struc%u."
the resulting ROLBAK
. “units to_be reta e

A
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~ SEARCH FOR REGIONAL FEASIBLITY ASVBENCHMARK

‘ _ The 1n1t1a1 attempts in executing a MﬁM des1gned solution,
,}f requ1res the estab11shment of flEEE’ 1n1t1a1 region feas1b11ty of
: :3 the decls1on space, and second, a benchmark from which- the man -

pu]atxon of - RHS- we1ght1ng and cyclical optimization can both be
measured Decision space. (reglonal) feasibility simply means
‘ that at least one so]ut1on exists wh1ch sat1sf1es the requ1re-
el {' - ments of. the constra1nt matr1x and conditional-vector. If. no’ T
o solution exists, under any c1rcumstance allowed by the 11near
1nequa11t1es and equa11t1es then the dec1slon1ng (constra1nt)
region is declared to be "1nfeaswo1e" ‘and the model either

.altered or abandoned.

. . [T, ] S S " o ,
e g e . o - N : ’ v . . -

o, .

Once feas1o111ty is, determ1ned a'benchmark‘is estabTished
: cy " to beg1n the cyc]1ca] evaTuat1on of the var1ous -agreed-upon cri-
' ter1on va]ues.' The benchmark may in fact he - the initial point at
wh1ch feaswb111ty 1s determ.ned However, serious -practitioners
”iﬁ5; Consof the”art (obv1ou51/ us') w111 search for. two separate modeling
]E - | confxgurat1ons from wh1ch to observe the effect of the varying
opt1ma11ty cr1ter1a. These separate conf1guratwons can best be

- addressed as states of restr1ct1on and re]axatﬁon

¥
Sy
“.w‘

‘f‘";.:a': , The restrlcted mode] contaxns RHS-vaTues which forge the

) . execution to choose its so?bt1on set most carefu]]y, that is, the
1imits imposed are ver/ restr1ct1ve as to what 1s allowable to.
const1tute a so]ut1on On the other hand the relaxed model uti-
11zes such RHS-va]ues as w111 1nv1te so]ut1on set membership- pat-
‘ terns wh1ch ~1de1v d fﬁer.» The authors ‘have chosen both so as to
'27 please even the most skeptaca] of our ‘readers.
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'N' of .the Scant Matrix

The normal procedure in atfempting to establish feasibility
is to arbitrarily project the number (N) of solution which is
likely to result from the successful implementation of the model.

With the use of T-normals, and the given T(mean)

T(standard deviation)
establish a beginning RHS-value:

-

N(50.0 + 10.0)
\ .

for é perceived upper bound; and:
N(50.0 - 10.0)

for a perceivéd lower bound.
siderations has been discussed. at
this report.)

.

= 50.0 and

= 10.0, ‘the arbitrary N can be used to

N(60.0)

N(40.0)

(The rationale for such con-

length in a previous chapter of

The ex1stence of a scant. matr1x however provides a rather

un1que 51tuat1on concernwng such 'N' formulation.

That is, the

N's concern1ng each criterion across.a]] alternatives will

differ, based upon the number of empty (i.e. 2ero)‘ce]1s.

And in

fact for thjs hartiéular'ROLBAK formu]ation, this is exactly the
case. Referripg to Figure 8 (on page ), you will see that the
number of non-zero ce]]s are as follows:

CERT = 12
CLAS = 10
3 BENE = 8
<h SUPL = 14
INST = 10 \ o
s . CONT =14 |
- % TRAV = 2
' CAPI = 18¢
313" i ug i
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Under these circumstances, the usefu{ relationship of
N(T(Mn) + T(S.D.))

must be changed to
N (T(Mn) + T.(S.D.))

for each separate k = 1,2,...,8 of the object eXpendituEé/
categories. o '

7

Expected Solution Index

The expected‘solution index (ESI)‘conpro]s for both the
existence of a scant matrix of zero-cells, -and the necessity to -
investigate Varying levels of solution N's -- that is, the number
of units which may be mémbers of the final solution set. _
‘Although -inextricably related, we wi]]ldevelop each separately
for the sake of understanding their unique contribution.

~ The existence of a scant matrix will provide a varying

number of non-zero cells. To-operationalize the utility of the
N(T(Mn) + T(S.D.)) idéa, we must.vqry the N for each computation
of the particular RHS-vaTue. Furthermore, the region of feasible
solution(s) will Tikewise require the search for a suitable )
(expected) solution set size; that is, to allocate (for example)
funds to 10 programs; or 12; or 14; etc.

The EIS is calculated to take into account both scant matri-
ces and varying solution set membership by utilizing, the postu]éte:

R \ (N > 0)(E)
St ~ N(total)
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where,

(N»o0) = number of non-zero cells for the given
criterion-constraint;
(E) = number of expected solution set
\K alternatives; and
N(total) = number of total possible alternatives.

In our ROLBAK example, this-exbression can be reduced to

. (N> 0) (F) ;
0 31

For .example, if we were to examine the ESI for the “tértificated
salaries” constraint (12 non-zero ce]]s).and an expected solution
membership of 10, the index based upon the (N » 0) would be calcu-
lated as:

}

1

N
22 gy,
1 31

and with the expected membership (E) of 10,

a1 (E) = .387(E) = .387(10) = 3.87

This 1ndex and its re]at1onsh1p to the T-normal va]ues w111 be
~ described in the next subsection.
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RHS=Values by Index

{Figure 9» summarizes the calculation of RHS-values utilizing
the idea of an expected solution index (ESI) for a scant matrix.
for example, given the constraint-of certificated salaries
(CERT), w1th 12 non-zero entries and an expected solution mem-
bership of 10 units, the RHS-~-value would be computed as:

12(10)
31

(50.0 -*10.0) = 3.87 (40.0) = 155.0,

assuming that a "linear bound" is the desired RHS intention.

The RHS<values for PERC and COMP are arrivedat arbitrarily
as well, but without resorting to the above scheme for T-normals.

Search for-Feasibi]ity'

*

Use of the ESI sSystem discussed in the precedwng subsect1on
estab]1shed immediate- feas:b Tity, with concurrent values for
'PERC and COMP as shown. Any value for PERC less than 500,
however, lost the feasible region. s

Search for 8enchmark

;o The range of expected membership values was varied from E =
10 to E = 16, and the definition(s) of relaxed benchmark éttached
© to: ‘ ' f : ‘

1
E = 165 PERG = 500,

anq;Festricted benchmark attached to:

E = 10; PERC = 600.
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Figure 9. - Computation of Condfitional Vector (RHS) Values for Conmstraint Matrix
with Zero Sub-Matrices and Cell-Entries Based Upon -T-NHormal Scores

RHS-Values by Expected lndn;'*

-
Criterion Constraint ‘ Code . N0 - IMDEX* E=10 E=12 E=14. £<16
Certificated Salaries CERT 12 ' .389 155 . 186 o217 248
Classified Salaries CLAS 10 . .323 129 156 181 206
Employee Benefits . . ° BENE - 08 o258 | 103 124 145 1+ 165
Supplies & Materials- = SUPL 14 452 | 181 217 253 219
Instructional Supplies  INST . . 10 .323) 129 155 . a1 206
f"'\h-;: - ‘4_") ) e ) v :
Contractural Services CONT oo 14 - .452 181 217-. 253 &
Travel Expenditures - TRAV 02 T.065 | 026 031 036 041
Capital Qutlay CAPI ) 18 581 | 232 279 325 372
Administrative Perception PERC k) " (Restricted = 500 / Relaxed = 600).
Composite Budget - comwp - - 31 (Lower Limit = 675.0 / Upper Limit = 700.0)
N0
*  Index = 3]

% RHS (EXP) = [NXO] [T(Mn)+ T(SD)] / 31 = (Index) (Tm+10), where: 1.'Index (40) for Lower Bound (%)
EER e . e Ce e 2. Index (60) for Upper Bound (g)

Lo .3920 ¢




- .
Since the object categoF{és were constrained to force sum- .
mations greater than~on/édua1 to the RHS-values established by
the ESI, the ]arger/tﬁé RHS-value, the more difficult to find an
acceptable so]utidﬁ -- therefore, the more restricted. Likewise,
for the re]axgdfsystem and smaller values of the RHS.

For thé purpoSes of the remainder of this chapfer, the

. =restric;éﬁ and relaxed benchmarks will be utilized to observe the
' effect;ﬁof cyclical optimization upon solution set membership.

/

B - . ]
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CYCLIC OPTIMIZATION OF THE RESTRICTED MODEL

The first of two major quantitative assessments, the cyclic -

optimization of each of ten (10) critefion Tinear (convex) com-
binations as the objective funct1on, produced ana]yzab]e resu]ts
under both maximization and minimization. This section will
study these results, and address their relationship to both the
model's execution and the criteria utwlized for the restr1cted
model.

Maximized/Restricted Solutions

{Figure 1> dispiays the results of "the various tyclical
maximizations within the restricted setting. Of the possible
combinations of the avaiiab]e,31 uhits‘qu solution membershﬁp,
only two distinct solution sets were?formed. The mix set of 10
,entrieé '

v[ 01,02,03,04,0§d07,09,11,15,17 3
produced a new budget of 680.0 dollars (1000's) for a savings of
213.5 dollars (1000's), in five cases. Similarly, anothe fiye
instances formed-the mix set of 10 entries

[ 01,02,04,05,07,11,15,16,17,23 I

producing a new budget of 680. 5 dollars for a savwngs of 213. 0
dollars.

~ Additional technwca] data has been 1nc1uded within the
f1gure for the more techn1ca11y know]edgeab]e .

v
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Minimized/Restricted Solutions

Minimizing the various objective functions within the
restrictive setting produced similar results as disp]gyed in
{Figure 11»>. Four occurrences of the solution ‘vector

[ o1,02,03,04,05,07,09,11,15,17 3 e
. ‘ e
and three occurrences of the solution vector
. [ 01,02,04,05,07,11,15,16,17,23 3 - e
X _ v \
resulted in the minimized, reetricted'setting. Unlike maximized
.. optimality however, the use of minimized objective functions
failed to produce a solution in three separate instances.

Validity Evaluation of:the Restricted Model

Ana]ys1s ‘of variance procedures were ut1l}zed to detect the
extent of criterion difference between membersh1p in the so]ut1on
: vs. non-solution sets. Since:- opt1ma11ty within the restr1cted -
setting produced only two dwtferent comb1nat1ons of so]utﬁons,
these post hoc assessments. were easy to execute. Resu]ts are o
‘presented 1in <F1gure 12>, o

A review of the ANOVA resu]ts show that in all cases except
.one, the mean va]ues of the "included® crwterﬁon 1nd1cators were

'greater than the non- solutional wewghts, and were therefore con-

sistent with model expectations and formulated constraints. The

one exception occurs in both opt1ma13ty settings when the percep-
tion of expendability was used as the 0. F

L)

"It is also interestfng_to note, that the -
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Figure 12, 3ummary of Cyclic Optimality Directions {of Criterion Objective
Functions) Utilized in Guiding the Fully Restricted {E4P=16;"
PERC=300) Problem to Two Distinct Solutions; and Resulting Object
Expenditure [mpact. ‘ o .
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{1,2,3.4,5,7,9,11,15,17) Lo {1,2,3,5,7,11,15,16,17,23) D
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. (=12.2 oo e 3] : .
. 4= 07 Classified 23 , ) \
1 , }3! [=27.3 Salaries. - 1 MIN ‘
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are found in <Figure 14>, Inrth1s casé, on]v three ériterion’

equivalent 96.77 .percent accuraCV.

S [ 01,02,03,04,05,07,09,11,15,17'7 ,

pattern resulted in six (6) statistically Sigqi?icant diffgrénéeﬁf
while the other .pattern resulted in only five (5). T@bugﬁfbare1y‘
different in number, _the criterion producing such differences (as

ST

“0.F.) varied in bothﬂcases The reader should recall fha% signi-’

~ ficant d1fferences in cr1ter1on mean weights portray the ab111ty
of the model to ut1l1ze such cr1ter1on constraints w1th1n the

dec1s1on1ng ‘and. so]ut1on set bu1]d1ng process. ."_;,ﬁﬁg_.,,~
Re11ab111ty Eva]uat1on of the Restr1cted ModeI o iif':‘m7" _

M

D1scr1m n%ht function ana]vs1s was emp]oyed{to studv the
conswstency and pred1ctab1l1tj of the mode] runct1on in pro- _ -
duc1ng reliable solution: sets., S S

ra

<Figure 13» displays the discriminant resU]is fo:>solution .5f-

set. - ) 4 ' . ' . o ‘;x“‘ )
g 5 SR Y e ["; '
1 01,02,03,q4,os,o7,oj;11,15,17-;. SN

. . A L
The major criterion values predict1ve of the establsshed solution
is shown in the order of their 1mportance Re-prediction was
estab]1shed w1th 96 77 percent aosuraCy

PR
T L
.

The resu1t§'$or %ﬁ@.sd]ution set
o, [ 01,02,04,05,07,11,15,15,17,23';

e,
ERNA IS

d1str1but1ons were requ1red to re-predict membershwp at an

X .
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- GYCLIC OPTIMIZATION OF -THE RELAXED MODEL

The secondrof the two major- quantWtat1ve assessments the

" relaxed setting produced a wide d1verswty of, so]ut1on sets. In
fact, out of twenty executions and seventeen successfu] ".féﬁ
feas1b1]1t1es, "a11 seventeen so]ut1on sets were uanue._.

o - Lo
g B . LN

Maiimi:ed/Re]axedfSo]ﬁfﬁ"

bg’fj : {Figure 15> dispjﬁys ten nnﬁquekso1utions, one tor each of
7 the cyclic optimizatibns under“ﬁaximization A11 solutions were
successful in rebudgetwng between the 675.0 and 700 0 11m1ts It
r1s\perhabs more 1nterest1ng to study the column of number§
1abe11ed 'se]ectvon tally', on the right side of the f]gure The
repetition leh'wh‘Ch part1cu1ar units were chosen for cont1nued

fund1ng resembles Closely the two so]ut1on sets constructed with
the restricted model formu]at1on: . .

) e A . ) .". '_7.5 4
Minimized/Relaxed Solutions

: Q»; Minimizing in the relaxed:: Etting produced three failures at ‘ﬁ;ﬂ
i . set buildfng Of the seven solution sets, constructed, all are
d1st1nct, and different from the maximization sequence.

_ {Figure 16) presents these data results.

The alert reader wiffﬂh]so note that the re]axe@*sétting
» produces varying numbers of un1ts within the solution set (1ow of ,
e . 10toa h1gh of 134Units se]ected) | o .
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‘Va]idity Evaluation of the Relaxed Model

<F1gure 17> and <F1gure 187 conta1n the analysis of var1ance
results concerning the mean values for criterion wewght
membersh1p. As might be expected due to the diverse membership
of the many solution sefs formedlhnder re]aiacion, statistical
significance is not as controlled and patte ned as the restwicted

‘modeling outcomes.

| variable; and it is thus -expected to d1m1n1sh the extent of re-¢~“

' Re]iab%]ity Evaluation of the Re]akedaMode]

_ Becausefof the Seventeen different -solution sets formed by
optimization within the relaxed setting,*post hoc assessments of
consistency were undertaken in a different fashion’ than those.

_-under restricted optimality. ‘As <Figuré 19> and?<Figure 202> .
demonstrate for maximization and minimization respectively,'the~ e

frequency of a unit's selection as .a solution waswﬁtiiized'for
J discriminant analysis. Such a ch01ce .to utilize frequency:

obviously increased the interval variance of the dependent’:"%”

pred1ct1ve accuracy

Maximization discriminants required five of the available

~ ten criteria to predict membership at:70.97 percent accufacy

Correspondingly, the minimization d1scr1m1nants requ1red six cri=-

terion indicators to re- pred1ct at 83 87 accuracy 1§
i ¢
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Figure 17. Tests for Level of Satisfactory Significant Diffarences Batween Obiects of 3udget
Revision (Included)} and Dellocated Sudgats {Excluded); Relavea Maximization.
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Figure 13, Tests ror Level of Satufactory Signifirant-0ifferences Retween Objects of Budqet
. M _Revisian {includea) ana Oellocated Budgets (Ewchmea). Relaxed Maxmmization.
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- 18ross the cyclic objective functions,
Ches €20 e &L cccurrences, wnere each Jdef ined objective function produced desircadle mean-value
a :zrcts Ine critericn Constrants,
§ “
. .
ol .
2 .
. ?
332
L P IR
£

O

ERIC T

Aruitoxt provided by Eic:




Fiyure 19, Use of Dlscrlminanl Aualysls for Predlcling the Frequency of Budyet Selectlon

Resulting from a Lycl;c Ml(lmlldllon of lhe Rulax;d Problum. 4
BWGEL LKEQ  BUOGLL  EREQ C BWIGET FREy  BUNGEL. Fel
ul 10, 0y’ 10 17 10 B -
0 7 10 | 1 18 2 2 K
v 5 b 6 15 1 27 1
04 4 10 12 .- 20 - -- . 238 2 s
U3 8 13 2 2] 2. - 1
06 6 BRE| 1 22 1 30 1 o
u7 9 15 .10 23 6 3 1 T
03 -- 16 . 4 24 --

'WEHJFX ot Crlluriun Value in Oiscriminating Selection Frequencivs: : : “<:k{r ;

S1p -ggiuw : HEHOVED " NOL USED
l Bodyetary ( mbosiles ) ~Certificated Salaries
2 lnstrutliongl Supplies o } Eiployce Benefits
3 Euwp Fuyce Benct ils ) Supplies amd Materials "

1. Cupital uutlay-_ ) - Contractual Services

‘5 Aduinislrative Pe:cepllon | Travel Expenditures %

6 Classificd Salaries - : . .

7 ) “ Employee Benefits

Etansification Recults from Predictive Validation:

Actagl ‘ ' : ) ’

Gowp () 0. Lyl 2 a O 1, 9 10
v (6) 4 {66.7) 1 (16.7)_1 (16.7) .. .-- -- - - -- - -
) {7) 1 {14.3) 5 (71.4) 1 (14.3) - -- -- -- -- -- --
z (a) 1 (25.0) 1 {25.0) 2 {s0.0) -- -- -- -- - -~ .-
4 (2} -- -- .- 2 (100.0) -- - .- e e BT
5 (1) -- -- . 1 (100.0) :

6 (3) -- -- EETNE

AR (T R -

8- (1) - -
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10 <)y - .- .-
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Figure 20. Use of Discriminant Analysis for Predicting. the Frequency of Budget
Selection Resulting from a Cyclic Minimization of the Relaxed Problem.

BUDGET FREQ = BUDGET  FREQ BUDGET  FREQ BUDGET FREO

09 5 .. 17. 7 . 25 -— : ,

ol 7 '
02 - v - 1 a . 26 4 ;T
03 "3 . 1 5 19 - 27 -- g
04 7. 12 -- 20 -- . 28 1
05 5 13 1. 21 1 29 --

) 6 - 4« 13 - 22 1 2 -
a7 6 15 A 23 3 31 2

03 - . 6. 5 24

:

°

. 3 :
Summarv of Critarion Yalue in Jiscriminating Selection Freauencias:

~ . )

) ] STEP ENTERED REMOVED - © 0T ysEo

7 . 1 3udgetary Composites . Certificated Salaries

: 2 tmployee Benaefits Classified Salaries -

3 Contractual Services Instructional Supplies
4 Travel Exoengitures » Administrative Perception.
5 Caoital Qutlay : :
5 Suopiies and iaterials

Classification Resuits from Predictive Validation:

Actyal
Growo (1) 0 1 2 3 4 5 : 7
0 {11)- 9 (81.3) 1 ¢ 2.1) 1.( 9.1) -- - -- - - -
° 1 (4) 1 (25.0) - 3+(75.9) -- - -- -- - --
2 (1) - -= 1 (100.0) -- -- -- -- --
3 {2) - -- -- 2 (100.0) -- -- -- --
1 (3) 5 -- -= -= -- 3 (l00.0) -- - --
5. (5) - - -- -- 1 (20.0) 3 (50.0) 1 (2 .0) --
3 {1) - -- -- - -~ .- 1 (100.0) --
’ 7 3) . - - -- - -- -= -- >4 (100.0)
8 _ ’
\ ?ercent of srouped cases currently classifieg; 323.37
5 ' r
\ 1
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COMPARISON OF THE RESTRICTED vs RELAXED
, DECISIONING FRAMEWORK

Modeling within the restricted'setting produced the most
re-predwctab]e' and cr1terlon s1gn1f1cant results. Less cri-
terion measures were requ1red to- exp1a1n the so]ut1on set
membership. And, restricted optimizations tended to requ1re no. 'ff

greater modeling effort than the relaxed sett1ng (measured v1a S -
'1terat1ons and computation seconds) ’

. °

i

. Results of the re]axed settmng, however, prov1de a strong

preview of the f]ex1b111ty of ‘the mode] for determ1n1ng a wide =

' array of solution membersh1ps based upon varj1ng standards

- (objective function values). 1In addition, the relaxed sett1ng

~ also presents a hint of the d1vers1ty in. mode] bu1ld1ng based
upon the weighting of particular crlterlon 1nd1cators by re]ax1ng
certain RHS-va]ues wh1le reta1n1ng others in a restr1ct1ve
fashion.

i F1na]]y, both opt1ma11ty sequences demonstrate the ut1]1ty
s.\u’. l of the MAM system in general (and the ROLBAK system in

partlcular) for evaluating multiple criteria, and se]ect1ng a

d1st1nct so]ut1on set from among multiple tompeting a]tennat1ves

Effect of the Restricted Environment Upon Optimality - T
The restricted environment which constrained the ROLBAK .
" decision-making was constructed using an expected solution index .
(ESI) of value 16; and a‘percefved expendability value of 500.
 That is, the design offthe solution set'(program.units to be: ..
" funded, for a total new budget between 675.0 and 700.0 (1000's _
dollars); and ref]eoting an administrative-perception of priority

335 - S 1
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maximization, then for m1n1m1zat1on) in order to d1fferent1a11\

‘that is, those solution sets which best represented the i
" constrained env1ronment design by the restricted, linear ine- *
| "qua11ty constra1nts, and furthermore provided the most max1ma1
(or m1n1ma1) summat1on of the obJect1ve funct1on vector

presented 10 program unit'budgets for'funding under the‘reduoed

vy
LRI
Ch

'for expendabilj tv -- was requ1red to exhibit the qualities of

potential, so]ut1on w1th 16 pass Te faverage"'member units for

egor1es mode11ng the. 1nd1v|-.5 '
Sequentqallj, each constrawnt was«
CjC]ed through the mode] as the obJect1ve funct1on (f1rst for

dua] programmat1c budgets

dlrect the construction of the so]utyon sets under opt1ma11ty,

\

7 Optimality under'maximization 'Ut111z1ng restricted

' RHS-Va]ue( ) vectors .to construct a.feasiblity reg1on for ROLBAK ,

¢

decision-mak1ng, 2 distinct solution sets were formu]ated by -

" separate sets of 5 of the avajlable 10 cyc11c objective

z 1

" funct1ons. Solution #L: ~ Co T (

!

[1 2 3 4 5 7 9 11 15 173

LY

budgetary levels, out of the eXistingﬁiL potentia] multiple

- alternatives. The 5 object. expenditure (biidgeting) vectors wHich
" produced these so1utjons under maximization were:

. ¥
1.  CERT (certificéted sa]aries){
2. CLAS (c]assiFRed salaries);
3. SUP (supp11es and’ mater1a1s)
4, .TRAV (
5 (

travel expnditures); and L
.+ CAPI | -

capitaT'outlay). R

va-totaI;of>213.5 (1000's do]tars) wes_cgt\from theuoriginal

budget of 893.5 (1000's doi]ars),'dea]]ocating 21 program units,
resulting in a new, system operating level of 680.0 (1000's

o ; e “ J\;i'
e 336
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' do11ars) - The other distinct so1Ution set constructed under ‘j i e
'max1m1zat1on, solution #2: .. =

ﬂ"{“w ; oo
e Il 2 4 s 7 U 1518 17 23y

| ; e
. ‘.,'.u,, .,\ -
a _‘}c’~ o A

o & k h}la1so presented 10 Program un1t budgets for cont1nued fundfng, out
C T R the potential. 31 a]ternat1ves availabe. The rema1n1ng 5"

object expend1ture vectors wh1ch prodbced these so]utwons under
' maximization, were: i '

1. BENE (emp]ojee benefwts)
2. INST (1nstruct1ona1 materwa]s)
. 3. 'CONT (contractua] services): = R
g 'PERC (admwnwstratwve perceﬁtwon ,.anq
5

comp (budgetary comp051tes)

_ SRS it 3 oo \.-f“n; S CTEL
'%’ A tota] of 213 0 (1000 s do]]ars) was cut’ from the or1g1na1 - E
budget of 893.5° (1000 S do]]ars) dea]]ocatwng 21 program un1ts,
resu1t1ng in a new, system operating 1eve1 of 680 5 (1000 S .
do]]ars) Thus the dwfference between the two so]utwon sets. was
approxwmate]y 5 (1000 S do]lars) and 4 varywng unwt)member _
Lo slips. B U 1:~ . _ ‘ T

g

Optimality under minimiiation Utilwzxng re}tructed v

RHS-valuefs) vectors to construct the feaswbw]wty regwon for
ROLBAK_ decision- makmng, the same 2: d]StlnCt so]utwon set were
found under mlnwmwzatwon, as were deve]oped under maximization.
- Differences were observed however both in the number of .
_).occurrences of the solution set, and in. thefobJect1ve functwon( )
which guided the so]utwona] deswgn So]ut_on 7l '




l.- ;BENE (emp]oyee benef1ts)
' ”'*ilNST (1nstructleqa1 mater*a]s)

5CONTf;contractua1 serv1ces), :and
.:f4i?ijERC (adm1n1strat1ve percept;on\.

\-'..-
»

R The reader wil] note, that under max1m1zat1on these same four

S e _vectors collaborated on a different solution set. The resulting - \if\gfﬂ
2m‘,f'_ expend ture reduct1on of 213.5 (1000's do]]ars) remains the same,
e of course So]ut1on #2 under m1n1m1zat1gn ' & ‘ o

T [‘1’?_‘2"_;. 4 57 M11 15 16 17 2337 0

N
9 e L
[ b

f?570ccurred in-3 1nstances undér the use of the cyclic objegtive ',
?lfunctions o o S

) +La” CLAS (c]ass1r1ed sa]ar1es) _
,'?;!'SURL (suppTies and materxa]s){ and
' 3;ﬁfﬂCAPI\(cap1ta1 out]a/) ‘ '
- The reader wn]l a]so note, that prevwously under max1mxzat1on,:,id,i;ﬁ"”:w
®+ these same three vectors collaborated on‘a: dwfferent solution 'Tﬁf;?ﬁiag‘x
i set, ' As before the resu1t1ng expend1ture reduct1on of g;g_g R
ﬁ; 5(1000 S do]]ars) remalns the: same 5 L ]
'“. S o ,f_ 2 PUB . v \_\. o : )
5{ : Va11d1ty ana]ysts of restracted resu]ts For the purposes

of this study, va11d1ty tests represented the admwnwstrat1on of ,:.?f%~l
~ post hoc ana]ysws te determine if the resulting so]utwons '
B reflected the- -original obJect1ves of . the ROLBAK mode] ‘The ori-
';ﬁﬁ'g1na1 ROLBAK objectives were formu]ated v1a the construction of
the Tinear. 'obJect category vectors Va]wdat1on under these
.f?v c1rcumstances proceeds in two stages Stage 1 validation is
moot ,: ‘since the. execdted ROLBAK mode] produced at 1east one so]u-
g_twon vector (in- ogﬁ case, two d1st1nct alternative so]ut:on S
“sets); in conformn> w1th pre defjned RHS- vector va]ues Stage -ﬁff;;ﬁ

Wt 'S
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fﬁ?fﬁ 2 va11dat)on proceeds LO ana1/ze the va]ues Of the var1ou

. by the1r so]ut1on versus the non so]utlon membershwp

Parametrﬁc, onewa/'ana1y51s of vartance procedures were ut1l1zed o

t0 test these cr1ter1on mean value d1fferences .So]ut1on #l.

S _’§-s-4,.;s_ 7 g.b Sl 15 172 e

Fal

o

. v 1 .
~ S R}

) )Memonstrated 6 of the 10 cr1ter1on vectors -to produce stat1st1-_;
e cally s1gn1r1cant (p < 10) greater cr1ter1on mean- we1ghts for:
| the so]ut1on sets,.then ex1st1ng w1th1n the non- so]ut1on set
The 'Six cr1ter1on vectors were‘ n L

A DN l\ P =

, BURIR A P P "'l . ‘ _ '
| 1 CERT (cert1f1cated sa]ar1es) S e
S 2 CLAS.
’Iytvfi_}ffi,:"SUPL (supplles and.mater1a1s) R ,f;
g ’-ALNST (1nstruct1ona1 mater1a1s) "M .. BERERS
- : el e
6. (

;'1 CAPI.
comp

cap1ta1,out]ay), aanfﬂ-?“;’
bUdgetarylcomposites).

T

o S . Ll e
Of the rema3nwng 4 vectors,,emp]oyee bener1ts (BEN ), contractua]

_ T serv1ces (CONT) and trave] expend1tures (TRAV) the 1ack 5F pi <.
#ji o .10 swgn1r1cance is, not v1ewed as . an 1nd1cat1on of“potent1a]

1nva]1dity, due to the mean-trends observed The re]at1ve1y con-l": .“.

ad
o yfounded p~1e 1 for adm1n1strat1ve percept1on (PERC) -of> p 62 T
'.1;15 understan able based. upon the ordina] sca11ng for PERC, 1n B
"wh1ch'each ord1na1 graduat1on (1 2, 3 . 31) 1s represented
Simj ar1V, so]utﬂon #2 1s'-:-‘v : . ' e .
B “ [-1.‘u2*'"4_~'s 7 _,1;i "5 16: 17" 233

R °'-' C o vl . 2 . T e,
. . - : . . Sk

"demonstrAted 5 of the 10 cr1ter10n vectors to produce stat1st1-“

N ‘f’ca1Ly-s1gn1f1cant (p < 10) greater cr1ter10n mean wezghts for
Jthe so]ut]on set Thes; f1ve cr1terlon vectors~wene '

.

a
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.. . . .

L, SO DR I.-zVSUPL (supplies and haterta]s);
’ . -2, TNST (instructional materials);
ﬁfyp _ ’éf\;'CONT (contractual serv1ces) SO .
_ B 4N;;.CAPI (cap*té1~5ut1aV) and K A
% 5. - COMP (budgetar/ composrtes) S e

o .-_4_ . . L

The rema1n1ng f1ve cr1ter1on,mean we1ghts are acceptab]e though

e not at the desired p£ .10 1eve1‘ Much of the inability to .gain
e .f.‘ the desirablep ¢ 10 level can be attributed to the large’ pro-
s §'f '-port1on of zero- ce]]s (scant 1ndex) within the constralnt‘matrz

N & . . Do
° *g' '”:“; T. ‘ s
v 1 © "’;
L E L vRe11ab111ty ana]ysxs of restricted resu]ts For the pur-

poses of this study, re]1ab1l1ty tests represented the admin-
;vn1strat10n of post hoc analyses to determ1ne 1f the resu]twng
' so]ut1ons were pred1ctab]e' based upon the" mu1t1p1e data distri-
bution configurations of the criterion vectorss that ws, whether

a particular program unit's inclusion (versus exc]us?on) w1th1n -

the solution set was pred:ctab]e Parametr1c dwscr1m1nant func-
tion analysis procedures were ut1}12ed to eva]uate the ‘extent of
such pred1ctab1]1ty In order to pred1ct the or1g1na1 so]ut1on

3 o {1 2 3 4 5 7 9 11 15 'igzﬁft

w

a total of 5 cr1terwon disteibutions were requ1red Listed in :

the order of themr importance (i.e., amount of variance exp1a1ned
¥ and order of entry 1nto d1scr1m1nant constructlon), these cri-

PR teria are s S
w;\iéﬁ | ‘ N . o | 1
S ' 1. 'COMPl(budgetar/ composites) |
P . 2. SUPL (supp11es and mater1als) :
A'? s 3. .CAPI (capital outlay); L o
'4.3e CERT (cert1T1oated sa]arfes); and
w7 5. CLAS (classified salaries). =
AU Rt o = .
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The'discriminant re- prediction (rec]ass1r1cat1on of so]utfon set -~
. membership) reSuTted in 1 mis- 1ncThsion for a Pinal’ °6L77 percent

- éaccuracy'(repredxcab1lwty)'factor. ‘}n turn,vso?ut1op“#g?' e T
L R . N : . v ' - .;_’n' .".‘b 2 [ 4 . *
_ o1 24 5.7 ’“1'1_ 15 '16 ‘17 3y,
i - 3 . ' » . - a . o
¥ K a - M ' ",
. requ1red the fo]]owxng 3 cn1tar1on d1§tr1but®ons in’ oraer to pr§1
.-
dict membersh1p within tﬁ% so]ut;on set (1n.order ‘of @ o 5
1mportance7entry) o ¥ . e et
. e L . o ¥, . N 5 '- &Q} L
v I W e "nﬂ' . <, N o 3 v . , ° o
1.7 coMP (budgetaryvcomposites) _ L ‘B
“ 2. " CONF (contractual serv1ces) and Y
, 7t - 3. *INST (1nstruct1ona1 mater1q1s) L o

. The d1scrﬂm1nant re- pred1ct1on for the second so]ut1on formed \
i, upon r;str1cted opt1ma11ty resu]ted in 1 mis- eXc]us1on for' a ‘y'm o’
N *flnal 96. 77 percent accuracy factor The reader will note, that v .~
the cr1ter1on distribution COMP was the only vector utilized ,n

both d1scr1m1nant formu11zat1ons

4

Non-solution resuTts "While max1mlzatlon (optimafitj) pro-

- duced a solution set for each c1c11c iteration of the variqus IR
cr1ter1on vectors, minimization was unable to produce a so]ut1on,
vector, when the cr1ter1on vectors being ° m1n1m1zed"were the 3
VECtors ‘ '

N

.

- 1. CERT (certificated salaries);

S N 2 2. TRAV (trave} expenditurés); and _
| ’ “°3.° COMP (budgetary compos1tes).. ' . 'v *
, ) » Non- so]utlons based“upon TRAV can be d1scounted based upon the
B . high proportlon of zero-cell entries (29 of 31 poss1b1e ce}1s .-,
o . equal to 0) Sn which case, the mode] coqu not® *make up, 1ts
o e, m1nd'-¢ Non= opt1ma11ty under ‘the gu1dance of, CERT and/or COMP e,
Y _ - 2 e
; ' T o 7 i Lo e u - t :
o I T . T
. ﬁ( .
< 4 : Lo 8
. * ‘534141‘ U
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however, ds an interesting:resu1t. Precisely stated (and hope-
fully in English), neither the CERT nor the COMP: vector( ) could
summate td .2 small enough final value (m1n1mum), such that the
opt1ma1 obJect1ve funct1on vector could phys.ca]]y pass- through
the feasxb1l1ty region geometr1ca11y constructed via the 11
constra1nt matrix 1nequa11t1es (The authors apo]oglzé\for.the
last statement!) ) l o

-y

Effect of the Redaxed Environment Upon Optimality

¥

The, rélaxed environmént which constrained the ROLBAK

,‘decision-making was censtrhcted using an expected'soiut?on,index
(ESI) of value 10; and‘a perceived expendébiljty value of 600.

That is, the design of the solution set was required to exhibit:
the qualities of potent1a1 solution with 10 possible "average"
member units for each of the 8 object categor1es used in

' constraznts The reader w1l1,note,.thatvs1nce the RHS-value for

administrative perceptlon (PERC) was’increased to va]ue 600
program.units w1th greater 'perce1ved expendab111tV‘ 1evels cou]d
still become members of the solutjon set -- that is, refunded for
continuation. As w1th the restr1cted env1ronment d1scussed Ane
the preceding sect1on each constra1nt was cycled. through the

're]axed model (sequent1a11y) as the objective funct1on.

. ‘V‘ . ’{ J . .
Optimality under maximization. ROLBAK .produced a distinct

.solution set for each of .the 10.cyclical objective funttions utiéi-f

lized during optimal maximization of the relaxed model. In fact,

“only the, program units:

[8 12 20 -26 25 313
were never 1nc1uded in at 1east one of the 10 1nd1v1dua1 so]u- ~
tion vectors. 8udg§$ary savxngs ranged from a low of 193.5

' %
(1000's dollars) for the solution Vector:

Py



[1 4 5 7 9 11 16 17 23 2 294,
to a high of 218.0 (1000's dollars) for each of the solutions: -

(1 2 3 4 6 7 9 11 15 16 17 231

A}

based upon maxima]-CAPI.(tabital‘out1ay), and:

[1 4 5 6 7 9 14 15 16 17 18 =3 28

based upon maximal PERC (admiHiStrative perception). The size of
~ the solution vectors ranged from a Tow of 11 units to a high of
'313 units (as compared to the stable 10 un1ts under optimality in
the restr1cted system) \ .
Ontﬁmality under minimization. A Potal of 7 optimal solu-
t1on vectors, each distinct, resu]ted froiLnnn1m1zat1on within

. the constrained, relaxed space. Thg cr1ter1on_vec§ors producing
~ optimal results were: ' - Y ’
. : / .

1. CERT (certificated salaries); |

2. SUPL (supplies and mater1a]s)

3. INST (1nstruct1ona1 mater1als) ’

4, CONT (contvactua] serv1ces) '

5. TRAV (travel expendwtures), %N‘

6. PERC (administrative perceptioﬁ);'and )

7. BENE (employee bemefits). ° -

- Programmatic savings ranged from a Tow of 202.0 (1000's dollars)
based upon TRAV: '

[1 4 5 6 7 11 15 16 17 21 2673
b to: al high of 218.5 (1000's dollars) Sased upom, CONT:

343 -
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{1 2 3 4 6 7 9o 15 17 18 23 26 3.

Unit membership ranged from a high of 13 (INST) to'a Tow of 10
(PERC) Not one of 7 solutions under m1n1m1zat10n was identical

;to the 10 solutions under:maximization. -

Validity analysis of relaxed results. The approach to vali-.

. dating the results of th ROLBAK execution undegtrejaxed condi-

tions differed from that previously discussed within the:
restricted state. Since 17 distinct solution, sets were formed
based upon both maximization and minimization under relaxed

conditions, validation of the effect of'so1utipn set construction

upon individual critekiqn mean-weight differenees was- effected in
two related ways. Eigit, the freguency of p <f:10 oecurrences,
where each defined objective function (CERT;.CLAS, ..., COMP)
produced desireable mean-value weights across. the criterion
constraints was explored, utilizing (as before) oneway analysis
of variance procedures. These results are 1ndicated as:

~Secondly, the frequence of p ¢ .10 occurrences, where criterion

constraint values (CERT, CLAS, .. COMP)’ref]ect desireable -
mean-value welghts across the cyc]1c obJectlve functxons, were
stud1ed, and’ indicated as: o . ' -

8 NC (p £ .10)"1

- {Figure 21> summarizes these Np and N summations for optimality

results under both maximization and minimization. The
VR-frequenc1es are analogous to those previously defined for the
restr1cted envwronment Based upon the computed percents for the’
to@?] frequenc1es possible, 10 and 1 (for maximization and
m1ﬁ1m1zat10n respect’vely) the Ny values appear relatively

9, N ',’ SR 344
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figure <1, Cummary of [ Na(p <

- / Figures 19 1n0"20.

F

L10) 1 ana € Ha(p € .10 i Values from
AL

[ Objactive Functions (NQ) 1 ... t:Cf;Qerion Constraints (NC) b
CERT  CLAS  3ENE  SUPL ST CONT  TRAV CAPI  2ERC  CoMpP -
; R B s -
¥ Maximization ) .
’ ’ [ hyip € .10) 1 5 - 4 7 5 6 8 s R
' FET {TOT=13) 0.0 30.0 70.0 £0.0 . §0.0 40.0 50.0 30.0 50.9:
Cfiip € .10) 1 3 32T 7 1 2 1 2
7 20T (F0f=lg; %0.0- 3.6 20.0 ‘70.0  70.0 10.0 -29.0 100.0 190.0
dinmmizatien é .
' thie ¢ T 3 - 3 3 3 6 3 -- 5 --
! FOT {Tu7-=7) 32.9 - 71.5  37.2 71.5 85.3 AN - 71.5 --
s ¢ 007 ] 3 2 - 6 3 - 1 7 1 7
ACT {Tar:7) 57.2 8.6 -- 35.3 71.5 - i4.3 100.0 13.3 1C0.0
CSuain) - S 9 11 1 10 310 4 ’
[ Rane (7.01 (8.51 (1.01 (6.01 (2.0 (4.0] (3.0] (l0.07 {4.01 (8.5]
Sua 1) 3 5 O & T | 3 73 17
[QRENTNS [5.0]1 (6.6 [9.0] [3.0] {4.0] (10.9) 7.51 (i.31 (7.3] , (1.5
N Y 20 25 3.0 3.0 20 &4 35 8.5 35 7.0
Aneres - !
i S:.AO) ]”= M of p ¢ occurrences wnere each defined ovdjactive function (CERT.
' ’ CLAS. ..., CCMP) produced dasirsable nean-value w~2ights across the
- criterion constraints, '
[»u.(gﬁgj.zo) 1= of o { .10 uccurrencas, snere criterion constraint values (CERT,
v c CLAS, ..., COMP); rerlect dasireable mean-value weignts .
s L across tne cyclic objeciive rfunctions. .
i ' .
“ o DEST CRPY AVAILABLE |
. . ’ N L
SR | e LW
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~involved. However, carefu] examination of the ranks of" NR and

”NC demonstrate that the corre]at1on between the two vectors of

ifand their difference (DIFF-RANKS) to be nearly non-existent’

 1nd1v1dua] program unit being chosen for refund ng ‘across’ all’
~Criterion obJect1ve funct1ons (i.e. the se]ect1on ta]ly for the
:trackxng matrix) was used as “the dependent (to be predtcted)
variable. Under maximization, the re- pred1ct1on of the se]ectwo
?frequency (i.e. the N of 1nc1us1on across 10 successfu] ER

- were: - A L L

identical; likewise for the NC frequencies. Summing both thel

NR and N¢ va]Ues, and ranking those sums (where 1 = high and-10 =
Tow), an ordinal measure of relative weight can be developed.
Finding the absolute value of the difference between these sum
(NR) and (N¢) ranks (i.e. | DI?F-RANKS[ ), presents a measure of
relative C0nS1Stean between NR and Nc values. The authors have
previously thought that the greater the cons1stenc the (greater
the resulting value of the part1cu1ar criterion vector _ Thus,
the smaller the rank- -difference, the more valuable the criterion

rank to be non- -parallel (corre]atwon (NR, Nc) = -0. 666). And
furthermore, that the correlation between the NR.a”d NC va]ues,

(+0. 129 and -0.048, respect,velj) Further study is requwred *n :
th1s area to study these issues of cons1stency and ut1l1ty

...
..

Reljability ana]ysfs\of relaxed resu]ts, As. w1th restr*cted fﬁ

resu]ts, discriminant funct1ons were uttlwzed 0. determ1ne the

predictablity of the’ obta1ned5§olut1on vectors ror the ré]axed

environment however membersh1p in any part1cu1ar solutwon set
was not the dependent variable; rather the frequencyrof each

executions) required 5 cr1ter1on d1str1but1ons to formu1ate the
discriminant functions. In order of entrj anﬁ ,mportance, the3

s
.

'1, COMP. (budgetary composites)h‘ - R
2. INST (instructional materials); .y i~ -7’

.x.

3. CAPI (capital outlay); ',

346
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4, PERC (adm1n15trat1on percept1on) and
5. CLAS'(class:r1ed salaries).

The discriminant re-prediction (reclassification of total inclu-
sion frequency) resulted in 4’over-éstimates ahd'S under- ,

estimates for a final 70.97 97’ percent accuracy (repred1ctab1l1ty)

factor. Minimization resu]ts on the other hand required 6 cri-

terion distributions to formulate the d1scr1m1nant functions:

COMP (budgetary composites);
, BENE - (emp]oyee beneflts) .
© CONT (contractua] services);: \\kf_
TRAV (travel expendztures)
CAPI (capital out]aY), and )
Q§SUPL (suplies and materials).

Nan so]utwon resu]ts.

ned1ct1ng 1nd1v1dua1 1nc1us1on

then in determ1n1ng total inclu=-

across a]] cr:ter1on obJect1ve funct*ons.

As was ev1denced in the restrscted

. !
[N




VALIDATION OF THE ROLBAK MODELING FRAMEWORK

\

A total of 31 program .budgeting (unit) alternatives were eval- .
Juated for defunding - across a total of 10 competing cr1terwon
‘references In lieu of a step-wise procedure as represented in
gthe school. closure modeling framework the model -is further
'constra1ned to, choose. those: programs for refund1ng such that the
new operatwng dwstrwct budget is not less thar 675, 000 dollars, . .
but “not more than 700,000 dollars for the particular programs h %
under scrutiny. To study the effect of the model’ s solution
generat1on process, - the feas1o1]1ty _region as def1ned by the
constraint matr1x and the RHSZValues is constructed in two
~ distinct patterns - a highly. restricted reg1on in which very
ff stringent.controls are,def1ned for the mode11ng procedure, and a
| relatively relaxed reg1on in which less str.ngent contro1s are
modeled. In add1t1on, the ROLBAK formulation 1s executed both " c
2L for cyc11c maximization of the obJect1ve functions, and_for -
;“f;f" - tyclic m1n.m1zatlon of the obJect1ve functions. Thus, a total of
' 4 trackwng matrice conta1n1ng 10 potent1a1 so]uﬂéon sets (each)
resu]t Co e SR : '

g

vy

a Th1s partwcu]ar mode]lng app]1cat10n represents the "scant“
* matrix case,” in that a high proportwon (48 7 percent) of cr1--
._ter1on matr1x cells contawned a 'zero" entry s1gn1fy1ng no cost
_h“for that partlcular -alternative within a spec1f|c ob1ect-_
i'expendxture category For the SCHCLO mode] ‘the cr1terwon matrix
"75was "complete‘l - a]l ce11s conta1ned a va]ue greater than zero

"t\ ) . .
Under the restrpc ed" formu]at1on the 17 resu]t1ng solution
- sets signify only 2 §%5t1nct solution vectors. In contrast ‘under
the re]axed' rormu]atlon, a tota] of 17 dwstwnct so1ut1on vec- ,
© tors result. Under ghth restricted and relaxed ]1m1tations, 3
objective functions were unable to declare opt1ma11ty due to the

inability to f1nd an initial 1nteger -feasi ble so]utlon

. 348
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tF]gure 22> and <F1gure 23> d*sp]ay the solution sets
resulting from optimization within the restr1cted reg1on
env1ronments ‘The selection tally vector is noted, ‘as well as-
the impact upbn the total budget.based upon the simulated cuts .
'ft;(1 e., where X= funded). As can be easily seen, the soiut1ons
fresu%¢1ng from opt1m1zat10n within the restricted environment
e »”present only two, distinct a]ternat1ves for later d1scr1m1nant
| | ana]yses - S - S ’ "

o

{Figure 24> and <Figure 25» display those solution sets‘
:‘resu1t1ng from the: opt1m1zat10ns within a relaxed env1ronment A
s—tota1 of 17 d1st1nct so]ut]on set vectors are formed;: and thus
. o ' the se]ect1on tally- matr1x demonstrates greater var1ab111ty than

: '{ ex1stent w1th1n the restr1cted or1entat1on : L ~5f '

sett1ng1f1rst, requ1r1ng a separate dwsor1m1nant execut1on for .

na]ysws As' noted “in an- earlier sect1on to th1s paper, cri-
ter10n strength was eva]uated ut111z1ng the three compos1tes
g.vector5°" 3 '

.

ot

DISCRIMINANT CRITERION INCLUSION. VECTOR

* DISCRIMINANT CRITERION ENTRY VECTOR S

DISCRIMINANT WEIGHTING SUMMARY- VECTOR.

‘rd The first vector .is. compdsed of Einary (1 0)° entrnes'
signifying whether a spec1f1c criterion was entered snto the .
discriminant ana]ys1s for explaining the variance w1thnn the -

. solution set. - The second vector contains ‘entries of 1,2 3,...
such- that the order'of entr/ for the d1scr3m1nant criteria is
BRI represented. Finally, the third veetor’eontajns a factor-weight

S e
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entry for eachipfcthé ‘entered' vectors,=to measure the relative

importance of "each of ;the discriminating criterion rgferences}
o coomY 1 ' a X .

~The notion of deCiSioning re]iabiiity was eva]uated utilizing
two techniques '

» o 4
CANONICAL CORRELATION’ & " i
: / \ S N
. - RE-CLASSIFICATION ANALYSIS. = = °
- D @
{Figure 263 contains'the discriminant results. for so]utions
‘accountable to maximization within a relaxed. region. The first A

ten columns contain the information from the discriminant ana]y-
. ses for each of the ten.simulated solution sets. The ordina]
numerals represent order-of-entry, while the bracketed entries
» [x.xx] contain the_factor-weights-computéd from dividing each of
'the standardized canonical discriminant coefficients'by the
smallest such coefficient for each discriminant ana]ysis{ For
examp]e'in the first column signifying'the results of discrimin-
ating the sc]ution'computed from maximizing ‘certificated
saiaries‘, 5 criteria were required to exp]ain'avaiiab]e variance
within the solution. set. ' Thekcriterion 'budgetary composites'_
was entered first;land_represents a‘factor of 2.51 in its import
o ance to the remaining 4 criterion discriminants. The criterion
. "certificatéd salaries' was entered secondly, and. rebresents a
. factor of 3.17 in its, re]ative importance for discriminating the
solution set being ana]yzed and so forth. The se]ection tally
. vector is similarly analyzed yia-discriminant functions.

v For understanding the dimension of decisioning reliability,
computed canbnical correTation coefficients axisted as fo]]ows,

for maximized-relaxed solutions: .
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Objective Canonical Percent Variance-

Coefficient

Relative &

Function Explained- Rank

CERT ., 19056 -

3

cLAs L8633 6

o e 8729 , 4
QSUPL | 9077 I 2

INST -+ .9339 e 1

“e  CONT ¥ .8679 | 5

RAV O .gel4 7

< JcAPT . .84l9 | 8
PERC - .7870.  *. ' )

L ocoMp - - L7281 . 10.

2
. -

. Thus it would seem, that a forma11zed obJectlve of ~
"max1mxz.ng" the expend1tures assoc1ated with 1nstruct10na1'
mater1a1s in determ1n1ng which programs 'to refund during a period
of scant resourses, produced the hwghest corre]at1on between the

cr1ter1gn matrix of 10 “véctors and the proposed solution set vec-

tgr constructed From the MAM analysis-execution.™ Likewise, the
max1m1zat10n of budgetar/ compos1tes' produced the 1owest
corre]at1on, exp]a1n1ng ogly 53.0 6 percent of independent variance
w1th1n the MMW solutjon vector. ~ . s

y " . .
v LT *
e

The second phase' of measur1ng dec»s1on1ng re]1ab311ty
exists in the agcuracy of re-predi ctnng so]utyﬁm set. membersh1p
based upon the classification funct1oq\coeff1c1ents generated via

ﬁ'w the dwscr m19ant ana]ysws The bottom portwon of F1gure 14

%

T b/ the var/1ng cr,terwon focus of the obJectlve function. The
% ol
i’ resﬂﬂts of re-c]ass1ggqat1on for the se]ect1on tallj vector - are

oL

portrajk these resu]ts for each ‘of the 10 so]ut.on vector's formed

s

also ‘displayed.
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STk , _
{Figure 27» illustrates the similar results from applying

‘discr»m nant function andlyses to the solution vectors formed by

m1n1m1zatxon within a relaxed sett1ng The three vectors for

denot1ng cr1ter1on strength are easily d1st1ngu1shab1e from the 7

" successful (co]umns) ‘optimizations. The re-classification pqr-

“

tion of measuring decisioning reliability is also shown.

“ The computed canon1ca1 corre]ation coeff1c1ents for

4

minimized-relaxed so]ut1ons

.

Objective Canonical Percent Variance Relatjve

Function Coefficient Explained Rank

© CERT g721 59.6 6
“cLAs - - -
BENE . 7902° - - 62.4 5
SUPL - .8194 ©67.1 2
CINST. L7675 ' 58.9- 7
CONT. - .8000 64.0 3
TRAV .7928 62.9° 4
CAPI . - | -- -

" PERC 19343 | §7.3 1

comp- - - -

demonstrated that solution set formu]ated by m1n1m1zfﬁg the

adm1n1strat1ve perceptlon‘ entries 1n determlnwng a so]ut1on to |
be the best fit with the overall criterion matrix; and the solu-

tion from minimizing 'instructional materials', the least 'best'

fit. T .
Regarding the resujts of bptim*zfng (both maximally and’

minimally) within the restr1cted envwronment, <F1gure 28>
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111ustrates the d1scr,m1nant functxon ana1jsxs framework

S1m11ar1y, the canonxca] coeffwcxents were computed as:

Solut1on
VectOr

u‘}Canonwcaq

Coerfﬁcwent

7

Percent Varlance

Exp]awned

Re1etive5_’_
" Rank

and (2) the 9e1at10nsh1b between the extent of feasibgﬁﬁtJ reg1on

has’ be@n q;udwed wwthxn two separate rea] wor]d settwngs
c]osure of schoo]s,,and the.defTﬁocatxon of program gp1t buége"m,

hef

%f.



Nt ana1ysws.,>To accomp11sh these ends, the mu]t1ple 11near
gress1on techn1que, dwscr1m1nant funct1ons ana]ysws, is uti-

S/::,

‘.xu

: wafco1]ected set of data variables.

anaﬂyses.

'

% f;"?»juaccountabtlnty, v.s1o111ty and responswb1l1ty are the max1m1zed

7 !

: ”~5ffﬂ‘ ends.v

ey
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By ut1]121ng the Tinear com-

eva]uator and otherwise prob]em so]ver

361

-:1zed to measure the tOplCS of criterion strength and decisioning

zsuperlor eff1cacy found in, re]at1ng multwp]e corre]at1ona1 stra-
‘teg1es to d1scover1ng re]atxonshlps between so]utwon vectors and

"_"Ang“. 1f HThree d@ ures of criterion strength and two measures of deci-
o TEL L :
f ?%]1ab1l1ty are 111ustrated for the reader -- all
'”ies norma]]y products of dwscr1m1nant funct1on(s) ‘

Itdse a fundamenta] b/-product of th:s stud/ thouqh a]] to
rtant not to note "that the format1on of "classt r1cat1on
coeff]cwents»’l w1th1n the discriminant process provides an
exce]]ent way of projecting expected Jmpact from a newly

b1nat1ons*of thws new data, 'expected corre]atwueh dec1s1ons can -
be computed whxch maintain the same var1ance re1atwonsh1p as - the
dec1s1ons ut111zed orlglnally in. the 1n1t1a1 dﬁscr’m1nant ‘

TN

» "’ In summary, the use of d1scr1m1nant funct1ons in: address1ng

the 1ssues of criterion. strength and dec1s1on1ng redwab111t/ hasf
beep 111ustrated to hold great promise for the dec1s1on maker :
v Increased '
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SUMMARY OF THE "MAM" FRAMEWORK AND "ROLBAK"

n
«

_ Thws study has sought to demonstrate the utWIWt/ of the
ﬁa”mu1t1p1e alternative modeling formulation (MAM) in determ1n1ng
'program un1ts for cont1nued fund1ng during a fiscal. cr1s1sv
"Baseq;upon an acceptance of cr1ter1on referenced ‘model” for simu-
1at1ng future, probab1e dec1s1on1ng a]ternat1ves, the MAM f1sca1
model, ROLBAK, eva]uated various forms of data ‘under d1fferent
. system goa]s (constralnts), in order to observe the effect upon
decisfon4mak1ng, that ' is, which program un}ts to cont1nue,,and '
f’which’to‘dea11ocate‘ Like the school closure and curriculum
‘act1v1ty packaging mode]s preceding 1t this f1sca1 ro]] back
model will assist program administrators as they seek to cont1nue
program ooerat1on at an. ppt1ma1 ]eve] though 1nba ‘state. of
R reduced fund1ng : o " “

The Mu]tiple;Alternatfues Formu]iiationffﬁ o

' The mu1t1p1e alternatxves mode] (WAM) has‘been}devisedjfor o
the situations in which mu]txpge so]utwons are required. School

' "c]osures requ1re more than one site be se]ected to remed1ate

'i{ esttwng dec11n1ng enro]]ment 1mpacts and wastage of 1ow per--
cap1ta expend1tures Curr1cu1um act1v1ty packag1ng requxres the o
ibest poss1b1e mix of 1nstructlona1 act1v1t1es to match des1red
~outcomes. And, fundwng cr1ses requ1re some select number of
programs be deswgnated for d1scont1nuance

The MAM concept mode]s these eva]uat1on comp]exes through
. the use of- 5/stems of 11near 1nequa11t1es and- equaliti es Each
.u 1nequa11tv (or ‘equality) represents a s ;h obJectwwe pre-
- defined by the' dec1s1on maker cr1ter1o ferenced and: 1abe1ed a

constra}nt (to f1na1 solution se]ectqon). The system of- 7”ef

LW
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,.0

o fqua11t1es and equa11t1es re]ate each constra1nt obJect1ve to each

B
ﬂ.'-h‘ N

" of ‘the dec:s1on alternatives. be1ng modeled (eva]uated for ptoen~
tial inclusion thh the final so]ut1on~set) In add1t1on, some fcx AN
'one or several criterion vectors'fs'(are) se1ected to act as tne .
‘ overa11 gu1de to deci s1ona1 opt1ma11ty, as ‘the obJect1ve ER

functwon. o o

~ The ROLBAK,I*1u1t1‘p1e"A1ternatiyes Model - - o4

,};'h

_ | The ROLBAK mode11ng structure stud1ed within th1s paper, o

o _: presents a MAM- adaotat1on to. assist decwswon makers. when program o 'prﬁ--
l‘ areas must be 'cut (_.e dea11ocated) due to reduced fund1ng "”_.:;

" ROLBAK ex*sts ‘as a sane and rational a]ternat1ve to the usual B

. percentage-cut across- ~the-board; and a]]ows the adm1n1strator to ; h R

systematﬂca11y cr1ter:on reference such comp]ex dec1s1ons. o 1‘jf'_ IR

Cr1terlon referenced constra1nts have been shown to poten-; L

. t1a11y 1nc1ude budgets bv obJect c1ass1r1cat1on, surveyed percep- ‘

S,
4

"g’t1on of affected part1c1pants and. tota1 budgetary composlte
contro] 1

add1t1on the ut ity of . vary1ng cr1ter1on contr01

(obJectwve. 'hctxon) has been 1l]ustrated

2Comp1ex'Approaches'to Complex.Issues

The authors ma1nta1n that 1ssues 1nvolv1ng many potent1a1
Lso]ut1ons are indeed too comp1ex for the human m1nd to

'comprehend 'Waﬂn-erfects and 1nteract1ve effects mode]wng s1mu-
}1atxons pr0v1de a valid and re11ab1e methodo]ogy for eva1uat1ng

:“the WAM env1ronment - Without such formu]atwons, complex

o 1dec1s10n mak1ng is .1ittle more than 1- part "experwence"’and

‘ "_d-parts "b11nd 1uck" ( and often w1th 1ess than successfu1 a'i,-"f'5~"~-?'

!@pﬂ'~ results). o o L~ S :

N . 4 ) .. Ve




* But the myareas of cr;t1c1sm wwH st111 prevaﬂ ‘ erst '
'that the need to quant,T/ the cr.terxa requ res a greater com-
"m1ttment to. crwter1on referenc1ng than man/ dec}51on makers
‘possess.’ Secondlj, that high degrees of time, effort and B
‘ 'g sophxst1cat1on‘are requwred of - 1nd1v1dua1s who psosess 11tt1e of "";”;"
:th~9_ AR the above - And f1na11/, that the SJstem requ ires opt1ma]1/ a Co
.'TIJ3R1 n qpmputer, and. human based so]ut1ons shou]d ‘never‘ (2) be based‘h.
» j;JfT3J%;~ up0n:comguter analysis. - ‘»~'_;“‘ RN ‘ﬁr“;L B
ST AN L As soc1a1 sc1entxsts .and humans,‘51mu1taneous1y, we .
) B _acknow]edge these- mwsg1v1ngs for what they are; and dlsagree ami-’

’

_“cab1y (somet1mes) s h.‘_h o [N - g:”

0

. - The Future”ofsMAM'Design‘ f"<a‘p;;;:%§‘ ;4;-‘3 TR
o E The match.ng of, m1cro computerized hardware and software to
_ \ o
des1red 1nstruct;ona1 obJectives, the eva1uat1on ‘of 1tem ana]ysxs B

techn.ques y

 r des1gn1ng computer ass1sted surve/ tethn1ques 4and;f;
ation of schoo] dmstr1cts--- are. a’ re]at1ve1/ sma]]
'_tative samp11ng of- areas where th1s author st § o
,chrrent]y develc ng future MAM app]xcat1ons wherever a poten-.f»" B
L tial for: mu1t1p so]ut1ons exists, the mu]th]e a]ternatwves B
:‘lmodel wig 1 be there Mu1t1p1e a]ternat1ves mode]1ng 1s not the

the conso11
-\but repres

_owave of the future - 1t is: the available too] ‘of toda ‘ -
‘ ]tlll : : i . Lo .
P ", _. / ' ) ’ :’_ )
- e j S @
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',educat1on.. ';.“_ i

"T;' The opportun1t1es for exp]o;tat'on of.the mode]xng framework

v :
PR
N

(EDUCATIONAL MODELING AS THE NEW FRONTIER ~~ = = ™

T _
o ‘f'“/~j~;j:;jf:f*;'tﬂ.‘ft"h fh‘y",ﬂ. e

'Ji' As recent as: 1978,,specu]atlon as to the pos1trve potent1a]
~of the mu1t1p]e a]ternatwves mode]lng framework for prob]em rex

cyn1c The 1dea of formu]atxng a détailed mathematlcaT modeT of
a dec151on1ng prob]em, where1n a: nuMber of p]au51b1e a]ternatlyes
were "to be- eva]uated across a set of compet1t,ve-1nterest cr1ter1a,
was to say<th Teast not exactly embraced by the Teadershwp .n

o

were many -and- obv1ous, and educators were most re]uctant to use

‘ a new techn,que for so]v1ng age -old probTems --'e§pec1a1]y .n a
'climate where educators 1n genera] were not he]d xn as’ thh a.

T profess1ona] regard as they nght ]1ke or deserve . But- the wmmy~

': prob]ems wh1ch were cons1stent w1th a mu]t1p]e a]ternatlves ph1]- Ea
osophy weﬁe not adequate]y resoTvab]e ut11121ng the o]d techanues. LI};TL”

R R L e
R :‘.», * L . .' Ce

The pr1me examp]e was the manner qn wh1ch e]ementary schooTs f“f

.. were eva]uated for potent1a] cTosure, once the pollcy dec151on
had been *made ‘to c]ose schoo]s as -4 means of - reso]vwng prob]ems

éfé:?l

: 1ssue But these very spotty attempts were often twarte“‘

“associated with- de;T1n1ng elementary 5chooT'”
p\the decisional. strategles ranged from the sug
“the 51tes based tota]]y‘up”m

:oTTments Many of
Lntendent ch051ng
po]1t1ca]]y-mot1va}?d pr1or1t3es, to.
the superlntendent charo,ng;a'commqttee of - Tay-persons to not on]y

"to ana]yze each 51te and Sumet a Twst of prworwtlzed sdhoo]s for

schoo] board apDrovaT ';ﬁjE;__ j~..fﬁa~~v.* - nf ﬁr“dﬁﬁ e

v ..;‘

C s . ! . 5 '\q .

“ ThTS is not to. say however, that th&re were no. profe551ona1/ o

and/or eth1ca] attempts to rat1ona1]y dea] w1th the schooﬂ cTosure

-

- P

deve]op the crxter.a for determ1n1ng potent1a1 closure, but a]so,lﬁ

[ I

R so]utlon in the fleLd of - educat1on yas dec1ded]y 1n favor of the fd ‘

Ceh o,



efforts of .other 'professionals' who would hide their own politi-
cal motivations behind the vail of protecting a school for such
reasons as historical preservation' the protection of the
neighborhood-school concept, or the pred}etion ot disasterous
effect uponathe child's psycho- soc1a1 deve]opment if it became

necessary for the student to have to transfer to a new schoo] and

make new. friends. Unfortunately, many of these efforts over -rode
the attempts to decrease surp]us gites -- schools which have con-
tinued to drain district mai Mv“ - .'-nergy and instructional

budgets ever since. ‘

: In 1979, one’ district saw the. high uti]ity for such a complex
< uzumodeling framework and its assistance to educationa] deCiSioning,
" %' «and permitted the initial. field studies and validation tests
i'“Lwhich were to prove the MAM approach tb ;school closures as a very
",5v1ab1eﬂand reliable strategy (Wholeben, 1980a). = Since that time,

more applications of the multiple a]ternatives mode] and their
‘uti]ity for educationa] decision-making have become accepted by
the educationa] ]eadership. As as been discussed previously in

“this text, the ROLBAK formuiation (determining fiscal ro]]-backs-'

during educational funding crises) and the MICROPIK formulation
(eva]uating computer assisted instructiona] software and micro-
computer hardware against curricular instructional obJectives)
have demonstrated further app]icability for the MAM framework in
the prob]ems tac1ng the educator today. ,Other work such as the

deve]opment of the CAP formulation (curriculum activity packagingj
for instructiona] development; Wholeben, 1980b)- have also illus- "

trated the diverse uti]ity of the mu]tiple alternatives approach.

- In this chapter ‘the reader will bg introduced to severa]
other HAM appiications currently ‘under study and exper:mentation
w1thin the educational community. This pa;ticular portion of the
text will+be necessarily general and non- -detailed;-and-a more

§urvey-orientation will be utilized in gggplaying various models.

st . ) ‘%# . . .
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For those of you who have survived this far, this will hopefully
prqwdde”the needed'encouragemegt to finish the remainder of the
book. . -

e : 0 0

.‘
. P
oy R

The next, sect1on will focus mainly upon the w1de array of
“applications currentL% be deve]oped fhen, three sections will
focus, mor.e soec1f1cai1y updn three of these MAM. formulations.
Fwnakgy, the chapter will end wwth a few, ‘chosen words on the
barriers fac1ng MAM ut1l1zat1on wh1ch may never be resolved.
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CURRENT DRAWING-BOARD DESIGNS ™+ .

Someone very wise'and knowledgable, and whom I amléure was
very:famous (although I am at a loss to remember a name for 1ega1
citation) -- neverthe]ess once remonstrated: '

"A professional is a person who'having_§ome
unique and viable skill, carves out a problematic

-~ situation existent in society, and proceeds. to
‘demonstrate that this very individual skill is , ~
,the‘preferred solution teehnique in all cases." |

- Havwna sa1d the obvious w1th the 11kew15e obvxous 1ntent10n, let
us. now proceed to exp]ore several of the muitiple~alternatives*

applications currently under exploration and/or deve]opment.

The "Good Times"

H T

One can remember past years in education where the concern

was not where the next dollar was to come from, or whether or not

the school could stay in operation for the full term of the year
-- but rather whether th® school would be able to legitimately

- expend all of the fiscal resources made ava11ab1e to it. Many

educational” admxnlstrators (as well .as many others) bechme very

Tdx during these years of p]enty We forgot the va]qe of haro S
work and mers: t, and the opportun1t1es avajlable through .ncreased
productlv.ty and accountabx]mty ‘ n

Those days of harmony wi]]“reappear in

i

wil] not come (or remain) thhout a restructur»n-:i the means
by whxch educators current]y conduct their business. = o
o _ , ‘ ¥
g ¥
; N .
» t ! g :5‘
A s
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In anticipation of the return of the gbod old days' (?),

N several models are current]y under: des|gn to’ assure that the
.prosperity which accompan1es good times, does not likewise lead

to the decay broughf about by ample’ resourees and technology.

One such model will assist the educational administrator in
operationalizing the fong-awaited philosophy of inservice thaining
for. the classroom teacher -- that everyone‘needs'reﬁEwal sometime.
The TCHRHELP formulation (identification of classroom teachers
for remedial instruction) will.assist this endeavor. '

Another modeling formulatioh will afde the building adminis-
trator and curriculum departmental supervisor to arrive at a valid
choice for hiring new classroom teachers in such a way, that not
only the needs of the curricular area are satisfied, but that the.
demands of the school administrator for a balanced staff are
11kewxse addressed. The TCHRPOOL model (emp]oyment 1nterv1ew

pooling for teaching candidates) w1l] meet these para]]e] needs L

' : | ) °
A third use of the MAM framework seeks to provide new direc- *-

tion to the perrenial problems associated with collective ?
‘barga1n»ng and.. negotlons Whether unions see themselves as’the :
protector of employee rights or the fac1]1tator of the eduqat1onaH
professionals’ development ind growth . and whether adminstra-
tors see themselves as management or the facilitator of the °
satisfaction of stddent'needs and rights ... is not at idsue in o
‘the model (although it should be of issue somewhere). The
NEGOPAK formulation (bargaining packagewdevelopment and negotia-‘
tions process p]annﬁng) will seek to address the contents bf a
viable negotiable agreement -- what is demanded v. what is needed
-- and what is possible or rational to expect as’the end-product.

. 372

Py 8T T o ‘ . B . .
-~ > I3 .
[ - 3 74 . . e



' ‘ : ‘ ' ) . . ) K ! ! : {
oy Thé;"NQf{g;-Good-Times“ g , ' N L

ﬂ?.g ‘/ of course,’education is not under the constraints -of what we ‘

.fifgh - -might call good %jmesq~and_current1y faces’some of the hardest

| ", decisions-educatoss have ever had to make or comply with. Whether

the United States Office of Education (or more recent]y, the

Department ‘of Educatmon) was in fact a viable and managab]e un1t
"f is not 3 moet »ssue -+ since it has gone the way of;}he Department\

T of Energy under Pres18ent Reagan S New Federa]msm Interest1ng

. . ) of course as a side-issue on]y (.) is the reactwon\of the pub]xc 3

s .4§% to rega1n1ng the Tion's share of their independence -- pamcII

o : . @

i - “For year§7the comnon cry has been for Tess federa] government | ,_: -
9 - 3 ® interférence within state educational affairs. , That chance has B J£
I I S nofgcome -- but with the opportunity, comes also the mandate to .
R {5 . conduct business-as- usua] on our own vo]1t10n When #'féderal” - &
interference" stops, so also does “federal fwnancxa] a.de" a N _ t_‘
0 " form of interference no one.really seemed to mind. ‘More ser1ous1y i“ p
. however, is the prospects for.retention of the many educatwona}
reforms brought about so]ely Because of federal mandated requira-
ments., Can mu]t]p]e a]ternat1ves modeling meet the test of these
chang1ng times? jj ‘ '

e . Ps
L]

Since'the_implementation of SCHCLO“(the;schoo1'cdosdre mode1) .; f?i
and ROLBAK (tne fisca]ﬂroll back model), the obvious tendencies g -
of further des1gn and development has been to meet the demands of o
proo]ematwc s}tuatwons -- dec11n1ng enroliments and f1sca] bases,' ’ ‘dfm
respectwve]y Newer strateg1es (and in some cases, reformu]atwons
c of o]der strateg1es) are currently under design for . addressmng \
- " the issues of max1m1zed output demand wmth minimized nput ‘avail-
- abx]aty ' -

R TheADESEGCLO mode] (s1mu1at1ng feeder patterns for desegrega--'.
tmon comp11ance under school closures) is an obvious rework)ng.of-q A
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the SCHCLO formu]at]on and its 1nterface Nwth a newer mode?ﬁﬁ

‘ strategy, ¥%e FEEDPAT framework (dlstr,ct transrer patternS‘for
I eder* schooms) "ﬁ";” uff't,{-j:j - r;a,ﬁ';" : 'ﬂ”~ :

T - N R T I
A ay's edueatwona%éprob1ems are not restrwcted to the'larger

‘have taken.

espec1a1]y
"DI§T&§RG (attendance e

i po]1c§$a HCt
’."'.‘.":‘ ' i ‘ J‘ N L " .
A 2{5 _criter¥a 1nd7ca§;ye df:greservwngzgwsuaLnty 1nstruct10na] program '
T p in the face of persanné%;cutaback‘re Pements . o

J / e -

e ' é'-.a',s-; .

F1 na]—ﬁ/ theﬁcent

‘. E A'regardwﬂg the reéﬂﬁf1#

ERIC

Aruitoxt provided by Eic:



, \
j‘é‘ J"{‘" l'.
& ! "N & .
v AR L
’ ».'. L we
1 = JXQ .
B ? A 3 '
e 8 t1mes‘“_ We ~111 mentwon S
N B ﬂ"111ustFate some of thb CU §539n and/or.

roﬁw mat1c orien- ..

*ﬁb

:%-;"_ Tk edu]ﬂng of r:med1a1 q!t}ihs;'
w <$ P Ct1C1n9 adm?nlstnator.'“

* @ ‘*bém@‘/‘ith d1ffermg*p?‘;or1t1es an'”'
o ~the 1deﬁ§$€1catmon and s;hedy?1f

Zs tb\ngs needing f,x»ng,

THér'e - are i
vérvingﬁmate' a1s avaw]ab111ty,v‘

f “:’ ’ \u
s @ .
R . do suming erfon¢ il w1 1 be
T £ Ng g
S LI ?ﬁ$p usg,of the MAY IX queJ1

& LR

_'Ecora1ng %ofrequ1red repa1rs but .
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_ , &
55:}%”&}}*” ?‘3 f where the earlxer de&»gn of ﬁ;e CAP model ( urrlculum act1v1-'
o %' ty packagﬁﬁg ‘sought onlysto- eva]uate m§1t1p]e curr1cu1ar oBJec-

. vxvggtand re]evaéé%gnstr »ona] act1v1t1es tor xnstructwona1
" pacgaging, the n-:1y kormulated CURRNET model (currwcu]um net-
work1ng ww]ﬁ §§p101t the. futl cunrxcu]ar actwit.es of the en-

t1re schad%@ viz.,, magpematwcs eng]wsh soc1a1 stud1es, é%c
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For the' d1str1ct adm1n1strator who has everyth1ng, there is
now the’ ITEMCHO formu]at1on (itemized survey 1nstrumentator) which

from a'pool of potential 1tems -~ accordwng to cr1ter1on re]ated

- needs, demands or circumstances.

Ahd'fiﬁally; for the state or federal oft%cia]s inke “attﬁh‘7
-who constantly complain of ‘their jnability to adequately make |
“choices with regard to full program development (estab]ishment7pf“r

goals, and their delineation into viable action, objectives), or
with respect to the grant1ng of support monies for special use
(delineated budgeting development) -- there is now the GOALPAK
(educational systems‘ planner ‘and budgeting a]]ocator) modeling

framework.

l

Three of these “drawing board" ﬁpde g formulations will now

be described in some deta11 ;n order %o enrich the reader's .

. understandxng of the MAM ut111ty within the edd%ationa] domain.

J

iy
N .
o)
e
.} i
"\:Q o ’
3 Y °
oS B
Wt .
[ R
oA 4
§ ” : v
A 37,
’ ! v

TR ) T R

,des1gns comnun1ty, student, staff (or whomever) survey instruments . .
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*ﬂ%. In this sectidn the use of the multiple alternatives modei-
1ng formu]at1on w1]1 be brxefly descrloed for-its app]lcat»on to

TheiContext . y,:‘ o | o _ o o

Cohsider'the potent1a1 prob]ems assoc1ated w1th ‘an attEthed
consolidation of the three school dastr1cts (A, By C) dep1ct°d below:

, S . E ,
o R tEFFFF R R

+'+|

+ 4+ e DISTRICT A+ %”4 P R+
+ o+ +'. + +.+ R E o+ o+t +l- o+ v
+ +. +{ o+ H(E) + +l + o+ 4+ f + o+ +
: +| DISTRICT B +++ ++ Ll R '
? +[ PR +| o+ Zz*L‘f S I R A
+i + o+ + +(E}!l + o+ o+ o+ +| DISTRICT Cl ,f'
+!“+ + o+ 4 +| +F o+ o+ +| R +l +
[ +'f(E)¥ +“+1 + o+ 4+ +(E)+l + o+ + #l +.
. . ,+’: + f,; , o+ +i + +(H)+ + fl + + + +(E)+ l +
Y. _ +[ PR +]oF ] + o+ + + +| + :
, ' ’ ;l.~+'+ R +l + ¥_+ F o+ +.+| +
. ' *| +(Ej+ +(J,S)+ + + +I ++ +(H)+ + + + +l' +
 Qﬁ'i ++F o+ +-+l -;'f'{ + +l ot o+ f’+
*+] FoE + o+ +(E)+i +-+(E)+*+l +F o+ o+
R +[ Fo+o+ f.+l i + o+ +! + o+
. ++++++L+++++{+++++[+¥4'
. R R P o+ E R oF f'+ +

'I‘ .
/

where, the  codes E, J S, and H represent elementary, Jun»or h1gh
senior high. and h1gh 'school (9-12), respect1ve]y '

. . Lo e

A . | .(
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The need for- the forced -merger of two or more schoo1 d»str1cts
“~into a conso]wdated dwstrwct can often be\11nked to financial
necess1ty " To-maintain a quality 1nstruct1ona1 program, two
'§ma11 districts gan often pool their resources, and estab11sh the
'requ1red f]sca1 support base. . Somet1mes, the fiscal relat‘ohsh1p
’ ay be xnd1rect where a d1str1ct f]nds 1tse1f w1thout adequate ,

o 'bu11d1ng resources (for whatever reason: e.g. condemnatxon) and/{_'
_ .o{. o cannot f]oat the necessary"fnd monies for construction. Of =
: ' 'course dec]wnxng enrollments 1n both districts. can be a: hwgh1y

. mot1vat1ng factor for merger “dlso.

The 1ssues surround»ng d1str1ct con°o11datmon w111 themse1ves e
encompass severa1 diverse areas ‘ One oaramount issue will in-
- volve the decxslon as to whether the ex1st1ng building sites will
.‘rema1n operat1ona1 (h1gh]y unlikely), or whether some will be
’.targeted for future c1osure. Potent1a1 c1osuresinotw1thstand1ng, or
- attendance areas will requwre redef1n1t1on of their boundar1es,

"and thus children who had prev1ous1y attended-an e1ementary site
within their: or1g1na1 district, may now find themselves go1no to
school in a closer, /though d1fferent e1ementary swte w1th1n a
the prev1ous]y ne1ghbor.ng d1str1c§ s boundar1es

From a proqramnat1c point of . v1ew, a d1strxct merger can of ten o
'requ1re the. .re~ centra11zat1on of - program components within sites B
(centra11y) access1b1e to the majority of ch11dren. Thxs could
mean the re1ocat1on of a spec1a1 education - program from one S1te |
to another -~ and across once- ex1stent inter-district. boundar;es

Finally, geograph1c ‘as we11 as programmatic conso11datlon ‘could -
'very likely 1ead to requ1red RIrs of 1nstruct1ona1 and support
personne1 'ﬁ1n" s R

& ) . ’ o




. The'AlternativeS:.?af

DR . L T
The DISTMERG mode11n;)formu1atlon 1s approached via the 1and o
~eng1neer1ng techn1qua ca11ed geocod1ng Geocod1ng simp]y means
: to divide the oeogr%phvc area . of the districts into 11<e -area
'ce11s (ca11ed geocoded ce11s, obv10us1y) by over]aylng the area
with a cartesian coord1nate graph (shown abouelpy’the use'0f1f+').E o

@ ' i 3

Each cell (x,y). coord1nate represents a segment of an atten-
dance area or reswdent1a1 partltlon which must u1t1mate1y‘be t
assigned as the prlnc1pa1 respons1b1llty of some school. Wh11e
such criterion. indicators as d1s§ance from each cell to each s»te

©or number of potent1a1 eﬁro]]ees via each ce11 is certa1n1y cal-

) } culatable -- it is- 1»kew1se unnecesssary

o ~ Each a1ternat1ve is structured as the attendance ce11 which
. could reasonab1/ be ass:gned to a par cu1ar school site. For
the most parc_(exce t in re1atvve1y {;:ge d1str1cts) the’ ma3n
fcon51derat1on w,l1 at 1east 1n1t1a11y be N]th the e1ementary ites.
Thus while (Tor examp]e \§ﬂ1 L 10 13 3 mlght be ass1gned to '
e1ther “of two- e1ementary s1tes,_1t is unreasonab]e (and a, wasta
of time) to cons1der the ass19nment of an attendance cell at one '
L end of the map to be- potent1a11y aSSIgnab1e to a site at the other o

.0

The alternatives' structure for a very Slmp]e formu1at.on may.
’ thus appear as fo]]ows ) ' '

EOENA . o R
. v ' L
. il ELEMENTARY SITE #£1 ll ELEAENTARY SITE #2 fll ' L
SRR l|12!13|14l SIERTIE t,wsts,.s_i 17301
B | R R |
. where attendance cells ¢ 5,4; 5,5; 5,6 1 are potentially assign-
able to one or the'bther of the two-imposed-e1ementaryfsites.»~

e



For more complex formu]at1ons, the %3111ty of the FEEDPAT.
(district transfer patterns for feeder’ schools) formu]at on wou]d
be required to-stve°thebre]ationships ofﬂjunfor h1ghs,_etc, to _
the e1ementary.sites.be.evaluated'for:attendance-transferrees.  7"f:> »

As will be mentioned below in the ‘subsecti¥n concenning'the |
formation of criterion. constraints,gthe use of comoosite slack
7var1ab1es will be- requmred to ma1nta1n some basic 1eye1 of manda- .
tory enro]]ment for a. sﬁte, such that famlure to ‘achieyve that

',attendance‘1eve] wmlT s1gna1 tge sxte for potent1a1 c]osure e
s 7 '
) .t%'i'l:_, ) .
“The Criterion Constraints '~ 57, ~ & | S
v IR - T - L
4y ,

o } A
The DISTMEQG .ormu]at1on is not -a s»mp]e mode] to construct

. although its borrows ° heav1ly from fts predecessor the SCHCLO
' | . framework. In*twa]]y, the phys1ca11y or1entedcconstra1nts will ' v
'requ1re quant1r1catxon (dwstance of each ce]] to reasonable. swt=s
das measured by statute mmles, t1me necessary,1n traygrsing the
statute d.stance actua1 enro11ment denswty of each cel] arch1-
~tect s recomnended capac1ty for each bu11d1ng, and so forth)

Attendance ass1gned to.each bum]d.ng must be mon1tored in

order ‘to not v.o]ate capacmty restr1ctmons _while s1mu]taneous]yf ‘ ;ﬂ

each and every cell of the d»stnwcts must be ass1gned to one and u”
B on]y one school. Requxred trave] d1stance as summed across thei
S . cells will be mirfmized, while the a551gned enro]]ment for-edch .
site will be maxim;zed The suh @t a countwng%vector where the'
value '1' is aSS1gned for each, umhque and' znd1v1dua1 ce]l'nmust - f( ,
utimate]y aqua1 the value of theygumber of tota] cells ass1gnag1e fjf}gvf”'

.‘ . Coa

5 I ' : S w B . & B
s "’9 L
\ : More subJect1vﬁ cr1ter1a may be entered 1nto the mode1 1n the S

form of parent's preference for one snte over another as well’ as ﬁ "%33
the observed 1nstructwona1 prog ammatwc capacwty of a\bunld ng,to :5'3
- support varlous des1rab1e acti 1t1es& v AT E%,'rx
. " ‘ o
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At the same'. t1me, a constramnt maxwm*z1ng Lhe physwca] cover-

o age of the dwstr.ct b/ bu"1d1ni

”Sjtes mwght be requ1red

“And the

need to equa11ze mwnoﬁﬁtyrpobulat1on representat~0n»may 11kew1se

“be a key 1ngred1ent of the conso11dat1on reass1gnment decwswon.

"w
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'  GRADRECON - THE' GRADE-LEVEL RECONFIGURATION :FERMULATION: "¢ . - °.
| ‘ Tt - S e
e A comp]ex mode]mng strategy which requwres the use of s1ack
var»ab]es is- the GRADRECON formu]at1on'* GRADRECON is dxrected to S
o eva]uate the var1ous grade 1eve1 patterns wh1ch mwght be of v:f: N

~ benefit to theﬁ{estructur1ng of a schoo] dwstr,ct Jhe maJor SR

" d.stwnctxon between this mode] and many of’the other deswgns is. o )
-the flexibility surroundmng Sum- comp11atlons of certamn cr1terlon iﬁw
vectors to denote K- 5 V. K- 6, orﬂ6.8 v, 7- 8 partwtkoned dhfferences '

fw T et PR . s

.'~u,¢he A]ternathes7"‘,

i

):7{;'3.‘jﬂf- As d1sp1ayed on the fo]]ow1ng page, the modeiwnggstructure o%“
.{t . the; mu1t1p1e a]ternatwves for the. GRADRECON framewgﬁk is. deve1oped

e by creating: thirteen (13) storage 1ocat1ons for criner1on data ‘

. L representat1ve of each.of the K-12 gradle 13V915 The GCt“a]

jﬁqwa‘l__ o dec1s1on1ng variables must then be constructed s cwﬂ

wh1ch w111 under executlon contawn the varlous sums,“"

) varwous1y partwt.oned K 12 grade 1eve1s
o FOF examp]e, the T K 5 3 and r K 6 3 dec.s1on var1ad§2s w111
*&R'ﬂ.ﬁ:v? ‘ conta1n poent»a]]y dxfferent sums based upon the fact thft the 7ﬁ3”5

’ 5; storage 1ocatwon, whereas theoK 6 un1t wxl] have grad.'“éi ' ‘
CK,1,...,6 summed wwth1n .ts storage 1ocat1on L1kew1se_ or. each v
of the ;dent»fwed s1ac& st : |

ge compos1te

. _ : W Con B T

- N }" The decision to choosé 'va:'K’G (or the s1mu1faneous p.._»V)
6- 8 ‘v, 6=9 i the K<5 settxng, as opposed to the 7 8 V. 7= 9
the K- 6. sett1ng) h1ghlmghts the extreme compiexlty of the gwade- -

' . reconf1gurat1on dec,s1on1ng strategy + At the .safe. time however,v;"

v this comp1ex1ty also a11o¥§ the extreme f]ex1bll1ty of the: mode]l .

P

B P R S e
oo P : o Co o A T * % )
- . ' L . H . e -

oy







to evaluate the 'more norma]P comb natwons of grade 1evels whwch ,

o

..

- would likely exist within a single dxstw;ct '

A simple representatlon of this a]ternat ves' mode] would

estt as fo11ows

VYV Y VY
VvV
VvV

v

-1 “Bé{%
-ib,
) -1 i‘%
111 1 1
11
11
-1
-1
-1
Ca
| | -1
. 111 1 1
o———— 11
| 11
L4

where 'v' represents .the varwous criterion values (non differen-

tiated) assoc.ated wish the required constraints or the decision.

The Criterion Constraints

385
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Certain field representatxons ‘Wave found, that criteria whwch

. represent the 'contrwbuf(en‘ of a partwcu]ar grade 1eve1 to the

< overall conf?guratwon_best allows Eﬂe mode] its, necessary flexi-

" bility. ﬁecause of the structure of the model in requiring the .
decision Variab]es to be the slacks, ‘the 'physical size of the

v
-

formulatwon 1tse1f can become quwte harge -- and yet remain a

-scant matrwx because of its (see above) numerous zero submatrwces

. e o :
A]thgugh not shown (the author does have some compasswon)

additional criterion values could be modeled dTrect1y$whth1n the
_ slack portion of the formulation -- dempnstratlng paffwcu]ar |
/ , . contributions of one formulation (e.g. a Krs 6-8, 12 as opposed
| toa K-5, 6-9, 10- 12 formu]atwon but w1th1n the same K-5 sett»ng)
over another

(Y

A
4
e

15
¢
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;" MAINFIX - THE MAINTENANGE-REPAIR SCHEDULING FORMULATION

. S y _—

A ’ . ¢
.

A final representatxon'%f another mu]t p]e a]ternat.ves model
within the educational sector rema1ns the use of mathematical '
“'modeling stroctures to decision- maintenance pr.orltpes,;and the
. resulting scheduling of the;e prioritized repair needs.

The A]ternatiresgt ' A /

* : [
' v ’ . I /
! Lll w7
) t '("

. - - The cbnstructlon of WAINFIX Is a unxque ﬁontrlbut.on of the~
v4AM‘framework, since the mode] 1s;norma11v executed at least. two

separate times. -The 1n1t1a1 exeCUtlon is defined the identifica-
tion run, wherein the various malntenance a]ternat.ves are eval-
,uated, and those fitting within the allocated oudget are selected.
. ( | ‘ ’,‘
. .'The second execution is the scheduling run -- that is, with
‘. ,the decisijoned alternatives as now representative of a reduced
set of alternatives, each alternative being sub-delineatad into
three subcategories ear]y term middle term and 1ate termy as
4 ¥ .concerning ‘the time- of-term for each maintenance un1t S repair

time-scheduling priority. .

The Criterion Constraints

- . T

“
The MAINFIX formulation with the exceptance of its eoU'red,
two-phage exkcution, is a basic criterion formu]atfon_égfafiull'
matrix.' Criterion indicators common to maintenance costs, noﬁber
of personnel required, degree of priority, ayailability of tne
necessary repair materials and/or equipment ‘are all represented.
. . @
g < The secondary execut1on -- where. the t1me for repair fis
fdigés|onéﬁ .as opposed to the actual identitication qf the 1ntended

- [
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repair -- is somewhat more -complex, though not as compelling fOri‘m

instant insanity as either the DISTHERG. or GRADRECON modal(s).

Criterion meaSUKes'of'need, demand and subjective priority are

input in order to select a-scheduWing frame of either term-1,
term-2 or term-3 fdr‘each'and every identified priority. -Care

must be taken of course, to 1nsure that one and only one schedul- .

1ng term is dec1s1oned for each 1dent1r1ed alternat1ve.
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'UNRESOLVABLE BARRIERS -- THE EDUCATIONAL DILEMMA

A f1na1 comnentary on the utlf1ty of the WAM fnam&work must
be offerred ;n order to conclude’ th1s chapter on a. rea1lst$c
though somewhat pess1m1st1c and downbeat, note. - AN v ."A{f'

. 1
. , !

A

.
I.‘ ’ ¢

A cursory read*ng of the aforegowng mater»a]‘concern1ng cur-
116»' . rent deve]opmenﬁa] and exper1menta1 models, for mu1t1p1e élterna-
t1ves decision- mak1ng mlght Tead.one to- be11eve that\sa]vat.on ) ’; '

for ‘the educat1ona1 administrator -is. but. around the technoleg1ca1

corner Nothing (it is sad for me to say) cou]d be further from .
. the truth. 7 S g “'ililsk '

-

. s .
o .f ) p
BN s
.

°

Although it is obvious thaf some'know]edge of'the'modeling e B
- concept s prerequ1s»te to successfully. 1mp1ement»ng ‘the MAM. oy
'O .'or entatlon, it is.not as obvious as to the potential barriers ' h
‘ ex1stent Wﬁthunithe mode]xng formu]at1on 1tse1f -- that is, the ‘ tiﬁ
- 1dent1r1cat»on of alternat1ves and the subsequent der1n1tmon ano . (}J/
measurement of approprvate cr1ten£on constraints. That most in- o
st1tut1ons of hmgher educatwon whxch credentia Or'otherw;se fzf
train school adm»n1strators today do .not or?érkcourses in the T
application of quantxtat1ve mode]»ng to decision-making -- beyond
the, usual e]ementary stat1stpcs course required for the masters
degree -~ signals the unfortunate regard’many admtnxstrat.ve _ )
tra1ners nave for the use of numbers in eva]uat1on -

3
XIS
1

- Note: the warxness on- the part of man/ educators towards a )
h1gh1v structured approach to eva1uat1ve Hec151on1ng (and xn a
sense, accountab111tj), and’ the' reader, has a very rea]xstxc view
of the usua] acceptance of a mathematical mode11ng frameworK for
evaluating and determ1n1ng f1na1 dec1s1ons - . .

i ’ ' ’ Yo B
And"if training and experijence do not prpm}de sufficient ~
obstacles to the use‘bf;modeling for eva]uatfnj'a1térnatiues; the

387° . D l. . . ’ s
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~réader has only to reca]]

* ential role of compéter

e

 fond hand of five fingers) the-

number of times over the pasl 'y ar, wheré Hecisions were made
‘based upon.solely political. nsideratidn§;in liey of the actual
)enforcement of the data C1te as the basisjof the decisions so
~administered. - o e _ ' ! .
| 5 . o I .
L . o .
S - C oo ® o

Now ggr the upbeat and positive side ee ‘

. ; ) .
Carrent 11t1gat1ons and court ru17ngs poxnt to a renewed
1nterest on the*part of comnun1t1es for 1nformed decws.on -making.

More and more, tedchers are quest.on ng,the actual criterion

base upon Nh1Ch dec1s1ons are made - and furthermore are examim-

1nd1cat1ve of those de

ing the decisions made against. the cr1ter1on 1ndxcators held ii

1ons. For the1r part the emerging
‘educational admxntsfﬁﬁt rois ‘slowly recognlzing the very influ-

as a medium for new forms or eva]uat1on

.. and decision- making In effect, the future of educat.on is not-

tomorrow's 1nnovat»on, but rather the recognlzed use or- that
1nnovat10n as a means of maklng educat.on%rore accountable‘and
more ava11ab1e to externa] valxdatwon by, {ts critics. T

I3

e
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" Macro-Computerized Software’

. . / ) f :
v

COMPUTERI?ATION”AND AVAILABLE SOFTWARE -
. ’ L ' -

’

‘A common quest1on posed to the authOﬂ‘from the: f1e1d as to
_ the 1mp1ementatwon of the MAM framework revkoes around the ob-
vious requirement for .computer hardware and packaged software in
ordér to utilize the}pathemat1ca1 formu1at1on for eva1uat1on and

. %mo1swon1ng o C -

fgbring'the past- five years, various modelsng software packages
have been utilized to d1ffer1ng degrees of :zt?gtact1on and ease. ‘-.:
Invar.ab]y, a partxcu1ar softNare paCkage will be hardware-bound,

v and thus Nnat might have existed on a UNIVAC 1110 will (may) not
be available orf'a CDC CYBER.170- 75Q or IBM 370. A1though these
mach1nes are considered macro- mawnframes several equally Qood

. packaoes are ava1lab1e on vhat have come to be known as super-
mnnxframes or mini- computers (e.g. VAX. 11/780 or HP3000) — '(:_

In. th1s sect1on we will be concorned primarily with the
software packages the author has ut111zed a1though ment»on w111 _
obv»ous1y be made as to the type of machine hous1ng the particular
package. . o § R :

N

\.‘( (n o (('
The Madison Academic Computing Center (MACC) at the“UnTversityi

of Wiscensin at Madisongutilizes a UNIVAC 1110 macro mainframe;

and SUpports a wide-arfa fsmathematfca1 programming software )
(of which integer programmkng rout1nes are but a few) for use as’
~mathematical modeling rout1nes for the Schoo1 of Eng;neer:ng,

School of Business, and the_erartment of Computer Science..

‘ One such software package, known as IPMIXD, performs a stan- ‘
- dard solution generation complex by way of a FORTRAN-based sub< °

-~

-
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routine. The MA ‘problem is modeled within -a FORTRAN<written

_program, and the IPMIXb package callegd~4s a standard subroutine
reference. The output ranges from a feQ pages td'bdxés .ooand

the aha]yst must be extnemély careful when assigning initjal

. ‘paggﬁeters. ,fPMIXD is fairly bowerfu], and‘proyiges readable

output for the novice. “ 4

P d

The University of Washington (in stattle) utilizes a rela-
tive]y'new COC (Control Data Corporation) CYBER 170f750 number-
cruncher within its Academic Computer Center' (ACC). The
pkeqominate integer-programming package is the standard MPOS

S (Mults Purpose Optimi;ation System) package distributed throudh

fhe Vdge]back'Computihg Center at Noﬁthwesférn Uhiversity in
Evanston, I11inois. ' '

v IS

Unlike' IPMIXD, the MPOS integer routine (called BBMIP) is a
key-WQrd oriented selection of commands -- not requiring the
modeler to first prepare a standaﬁd FORTRAN (or other compiler-
baseda]angUage)»prbgram. fSu¢h‘a program has obvious“ease for the
non-programmer. MPOS provides for ef%érna] datafile access,- and

therefore can be considened,extrehely flexible, as well as power-

ful. L : ) &£

wﬁile both MPOS and IPMIXD are both batch-processing oriented

_paCRéges; another software package available on the University of

. dashington macro-system is the interactive package,/EZLP. This

mathematical progrdmming routine was. developed at.the Gebrgiav
Institute of Technology and also allows indirect datafile access
from. an exte;ﬁhl source. Coupled with the ability to be -accessed

interactively from a'términal, ‘and executed on-line -- EZLPugrq7?
'vides%?mmediate feedback and solution formulations for relatively

medium-sized problems.
. ‘ b TR 3

391 ! i

393



. ) Y
1 ~ Mini-Computerized Sof tware .~

Developed by Or. Linus Schrage of the Unwversxty of Ch)cage
the interactive package LINS& (Linear D.sc*ete Optwmwzer) is
available on such mini- computers. as the Dwgwta] Equwpment Corpor-

K\, ation's VAX ?1%780 and PDP machines,  While somewhat ea§1er to
-ouse as opposed to the EZLP .nteract1ve package,: LINDO does have
N - maJor shortgomwng -~ externa] datafile elements are non-acces-
‘ ‘swb e to the programming routine. Therefore, al®¥ data must be
.enyered‘in the form of the algebraic inequality, for each and
'~3every crwterwon constraint. However, LINDO Jgs by far, the
\ “easiest for the novice-student to learn, and lmp1ement Output
is good and widl be-as annotated for the user as initially input.

Micro-Comouterized Sof tware . o N

To the current <now1edge of th.s author there -exists no
»nteger programming MAM routxnes for use 1n such micro- computers
as APPLE or TRS-30. However, plans are chrrent]y underway by
the author to develop a moderate sized routine written in BASIC
for ‘the TRS-80 TRSDOS BASIC and APDL SOFT BASIC compilers.

S 394
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. PERSPECTIVES AND IMPLICATIONS \

\ One of the hardest parts;of,vfiting a fairly 1engthy-mahu-
script is developing a rpasonably meaningfu] las& chapter.
0bvxous1y, the more important points co cernxng context desxgn

£. \ 1mp1ementatxon 3nd interpretation have peen dea]t with in pre-
vwous chapters. At the same txme, good authors should somehow
bade their readershwp farewell ... S0 v.. -
, s .

This text has been postulated on‘the be]ief that the ro]e of -
the educational 1eader in the years to come will require greater
1nvo1vement wwthxn problem ana]ys.s and resolution from a more
quantxtatwve persoectwve. Although educators and other- socxal'
sc1ent1\fs have for decades espoused that not everything us
measureable -- there are nonetheless amp]a opportunxtxes in-which
to develop quantxtatwve assessment strategies for eva]uatxon and
decxsxonxng within the aducatwona] environment. The mathemat;ca]
mode]wng ‘methodology  developed within thx text is certaxn]y a

2 firm examp]e of the power which the manager could dwsp]ay in =
dea]xng with the complex issues of toda/

While at the University of washington, I have managed to de-
velop a«octoral.seminar in which. practicing administrators have
been instructed in the use of the mu]t1p1e a]ternatxves mode]xng 4&
.methodology -- a practice I will be able to continue with the’ S

Unxversxty of Texas at El1 Paso. A~ copy of the course perspectus

has been included for tne reader's perusal within the appendix
of this text. '

Yet with the: eagerness and enthusiasm disp]ayed by fhe’students
within this seminar there has a1so been: the willing disregard for
the model sfirom some school dxstr.cts in the area who could have

o availed themse]ves.of such‘a sxmulat.ve_desxgn “for determwnxng

393 :
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’sc%oo1 c]osures or ear markin rodram terminat? ons under r‘sca1
9

recess1on.\ nnd @hen/jgaln other schoo] d1str cts nave emonaced‘
the des1gn w.th at the least, a need tg- understand whethere or* °
not thelr cryherlon indicators w.]] in Fac;’d1§cr msnate between
poteftial solution a]ternatlves.’l ER

K ! oo - SR

. c -
- >

As educators be ome- more accountab]e ‘and as schoo] boards

'and communltj grouosidemand more’ v1s|o1]1ty and respons;bxl1ty

from ‘their appo1nted educatwona] leaders -- the role of. modn1s

“1ike MAA wwl] take on new ,mportance and 11ke. It 1s rwdxcu]ous

to .assume, . that" the Spmputer or »ts associifed software Wil in
effect. make the decision mode]ed But, it ‘s lxkew1s° *gnorant

- to assume, that the use or a’ quant1tat1ve ana]ys;s framevork- 1s

o

North]ess s1nce gt has not been w1de]y accepted or utll;zed

’
~ ~

lee comouter ]steracy and hlgh schooi prorlc,encv nxam:na-
tlons mathemat,ca1 programmlng and mu]t*p]e alternatives mode1-

ing will aome into its own -- not because it was d=s1red or even
11ked -~ but because 1t was flna11y recognlzed as unavo;daoﬂv
nnecessary S ﬂﬂ - - B - e
. : " : &
» 4 .. i
. .~ S -
: . w 8
R ot 'y 2
4 o

L e e 3

nap.



el
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"A:  COURSE OUTLINE FOR MAA INSTRUCTION ° g

3: COURSE SYLLABUS FOR MAA INSTRUCTION = .l

2z

| - I
C: OQUTLINE FOR MAA FIELD PROJECT STUD‘?’J’;J%E&‘ v
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APPEMDIX A: COURSE OUTLINE FOR MAA INSTRUCTION

Pl

{(((((((((((((((<(((((((((*>>>>>>>>>>>)>>>>>>>>>>>>>>
SPECIAL PROBLEMS IN EDUCATIONAL ADMINISTRATION -

"Evaluation Modeling for Educational Decision-Making"

{(((((((((((4((Q((((((((((*>>>>>>>>>>>>>>>>>>>>>>>>>>

[

This course will examine the role of mathematical modeling

techniques, -and their importance within the realm of educational
evaluation and decision-making. C]ass presentations will be
sequential; and will deal with such issues as areas of tethniqUe
~application, general design constructs of thé "Multiple

Alternatives Model" as portraying the execution of "Multiple
Alternatives Analysis", specific building steps in formulating an

A individual model, computer;oriented techniques useful during the
design and analysis stages, and required pre- ahd.post-anaTysis
statistical procedures for assessing content va]jdity and progess
reliability. ‘

Although course pre-requisites are not currentiy bermitted
for selected entry into this seminar, the studeht is advised of
the following assumptions on the part of the professok: that .
eacH seminar member have successfully accomplished éf least two
courses in statistics, have at least a rudimentary'understanding
of the formation and utilization of simultaneous linear equations

" and inequalities from linear algebra, and have had'sbme'prior'
experience'with writing and executing SPSS statistical programs
on the CYBER 170-750 (main cdampus cémputing mainframe).
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assumed a priori.
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Because-of the sequential nature of the material to be pre-

sented within the class sessions, attendance at each sessjon is *

mandatory, and without exception except in cases of emergency.
This rather unusual requirement 1s demanded due to the complexity-
- and technical dlrr.culty assoc1ated with. the course content. It

has been"found over the past three years, that students missing
any amount of (or bortion thereof) the sessions have been unable
to completé course requirements. EdAdm 537 is an advanced

- seminar; and since the majority of the attending-students.are
‘pursuing doctoral study, such attendance perogative should be

A

N

Since this seminar is.truly 'field-applications' oriented,

individual readings will be confined to those contained within
the course texts, and those additional library references which
individual students will have to survey based'upon the topic and
direction of their particular course project. Individual work on
the defined field project is required; and therefore, no group
projects will be allowed, No examinations or tests are planned
at the coftclusion of this seminar. Full basis for the final
course grade depends upon the results of the individual field -

~application, and the appropriateness of the final project reoort.

Except.ons to ‘or substitutions for the project and report w111
not oe a]]owed

The final report associated with the. field application is
expected to be a fu11y;edited, clean manuscript of approximageTy

20-25 pages, typed, lk-spaced, and following the rules of some
acceptable thesis preparation guide (NOTE: the APA PUBLICATION
MANUAL is strongly suggested as a useful andlrelatively inexpen-
sive investment, and is available at the campus bookstore) A1l
tables a/o’ figures must be fu]]y readable, labelled, and ‘set-off
on separate pages from the genera] text of the manuscript.
Manuscripts which woold not be consjdered ‘acceptable for publica-

1
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tion as a journal article, will not be accepted as fulfilling the
course completion requiremehts. A general fopica1 format for
your consfﬁeration, but only as ‘an example, is:

ABSTRACT (100 words or less) _ 2
INTRODUCTION TO THE PROBLEM

DISCUSSION OF THE TECHNIQUE

MODEL DESIGN AMD DEVELOPMENT

DATA MEASUREMENT AND FORMULATION

EXECUTION AND RESULTS |

VALIDITY AND RELIABILITY TESTS -

DISCUSSION AND SUMMARY

IMPLICATIONS

-

e

‘Modifications to'the above ou%%ing are acceptable; but the stu-

dent is cautdoned to remember, that some of the major criteria to
be utilized in judging the final report will be those of
completeness, thoroughness and understanding.

The.subject or focus of the actual field investigation is at
the discretioniof the student, with approval from the professor.

The field problem to be modeled must however be .of such a nature,

that it demonstrates the qualities of a true 'multiple
a]ternat»ves' sxtuat1on, and that the application of a quan-
titative evaluation. and decision- -making model to the problem's

remediation will result in a useful documentatien of content and’

process information for: the- educationa] fie]d‘Eractitioner Oue
to the t»me restrictions p]aced upon an academic quarter seminar,

Mehere will exist some negot1ab1a room between 'what is defined'

as the,bases for a full-implementation of the specific deci-
sioning (sic) model, and 'what is sufficient' for empiricaT deno-
tation of the validjty and re]xab1]1ty issues involved in the
reso]ut»on of the j:i1ned problem. '

. 399
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{EdAdm- 5375 ‘exists as one of the more intense seminars in the

530-series, and: demanﬁs an extfeme; almost dogmaﬁic aftentiveness‘

and part1c1pat1veness on the part of the sLJdent This par-

txcu]ar seminar has ‘also been found to be a.most useful’ sequence
. in the. deve]opment of skills for evaluatlng and resolving many of
- » the more comp]ex problems fac1ng the emerging educational admi- '\
nlstrator today. Computer systems are but tools; and quan-
tltat1ve analysis techn1ques for resolving complex jssues are but
sk1l1s, you are the catalyst which can make’ them work for the

optimization of educational performance and progress.
’ )

gSection 013 INTRODUCTION TO MODELIMNG & APPLICATIONS

. 1. The hu1tip1e Alternatives Setting

2. P011CJ v. Action Alternatives iModeling
3.-Ma1n,v. Interactive Effects Modellng
4. ®ngle v. Multiple Entry Solutions

5. Linear Inequalities and System Impact
6

. Maximization/Minimization for Optimality

{Section_ 023 TECHNICAL COMPONENTS OF THE MAM FRAMEVWORK
= . Measurement Scaling and Data Generation
. Criterion Definition and Referencing

. Development of Decisfona] Alternatiyes-

1

2

3

4, Qriﬁerion.COmparison Vectors

5. RHS-Limits and the Conditional Yector
6. The Constraint Matrix -

7. The Objective Function '

, _ A
[Section 033 CONSTRAENT MATRICE AND CONDITIONAL VECTORS

-
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L. The Genera] System Impact Constra1nt

2. The qpec1f1c A]Lernat1ve Impact Constraint

3. Modeling the Four Measurement Scales
4. Search. for Initial Integer Feasibility

5. Relaxed v. Restricted RHS-Influence 7

6. Modelxng Max1m17at10n V. H1n1m1zatlon.80nnds

€

[Section 043 < QBJECTIVE FUNCEIONS AND CYCLIC opTIMfzaTion ;

1. Utilityrof a Cye%iq]OptimizationfProcedure
2. Development of the 'Tracking Matrix'
3. Gtrucfure ofﬁtne Syetem Database _

4. Post=Ho¢ Assessment 6f Results ‘Per Cycle

’”\Sx [Section 057  DEFINITION AND DEVELOPMENT gg ALTERNATIVES

i . Mutual- Fxc1usnveness for Independence
Co]]ect»ve cxhaustlveness for Total Contro]
. De11neat1on Paradigm for A1ternat1ves
'S1ngle-EntrJ-and Multiple- cntry Definition
. The Hierarchical. Mulexple Entry. Swtuat1on

A O AW NN
s s e

. Tauto]ogxca] Comparison and Contro]

N

o

[Section 061  DESIGN AND CONSTRUCTION OF THE DATABASE

. Review of NOS Command Procedures
Introduction to the UEDIT System £ditor

. Computing Initial Statistics Using MINITAB
. Fransposing Colimn-Yectors to Row-Yectors
. Building MAM-Databases Utilizing MINITAB
Modifying the Database with the UEDIT £ditor

A U AW N

-

{Section 073 DESIGN AND CONSTRUCTIOM OF ANALYSIS -PROGRAMS

ot

401




.~ iSection 08]

\

{Section 093.

iSectiony10]

{Section 113

/

N o R W N
f .

. IntFodu;tiéﬁifglggagqggzég%; Programmkng
UEDITing the MPOS Executable Packaée

. SUBMITing, QGETing and ROUTEing Results .
. Normal Techniques for Inftial Feasibility . :
. Comparing Restricted v..Relaxed Solutions
.\CbmnoH Mistakes with the MPOS Package

. Verifying MPOS Ana]yses andvFindihgs

&

.PRE—ANALYSIS STATISTICS FOR MODELING CONTROL .
1. CORRELATION for Criterion InqebehJence-
2. ONEWAY ANOVA for Undesirable Criterion Bias

3. FACTOR ANALYSIS f8r Criterion Efficiency °

POST-HOC STATISTICS £6R VALIDITY & RELIABILILY

-

1. ANOVA and the Optimaiity Weighting Matrix
2. DISCRIMINANT FUNCTIONS and Predictability .
3. UEDITing the Database for SPSS Analyses

FORMULATION FOR STEPWISE SOLUTION STRATEGIES

1. Dichotomizing the Selection Tally Vector -
2. Restructuring the RHS-values :
3. Restructuring the Database via UEDIT Editor
4.'Approaching the Final Solution Set as Limit

P

INTERACTIVE MULTIPLE ALTERNATIVES HODELING

Y

1. The EZLP Package

2. The LMDO Package
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APPENDIX B: COURSE SYLLABUS'FOR MAA INSTRUCTION .
2 l k r

o~

[

<General Topicy <Specific Reference> <Instructional Objectivess

~

- MULTIPLE ALTERNATIVES CONTEXT
1: school closures’

2: 'currlculum actwvxty packaging Wy
3: e-emp]oyment teacher interview podﬁnng
4; m1crocomputer hardware/software match1ng B
'5: " budgetary ro]T:backs : '
6: school d1str1ct consolidations
;'73"attendance boundary redg§tr1ct1ng 2
- 8: ielementarj schoo] grade-leve? reconr1guat1on
g: .eeder pattern control : >
10: surve/ questxonnalre item= ana]ys1s and se]ect1on

' GENERATING MULTIPLE- ALTERNATIVES
1: delineation of objectives' framework
2 'brain-stormjng'»framework '

3: ‘'random-components' ﬁgsmgwork-

DEFINING CQITERIA FORMAM ANALYSfSN
1. generic 6F72§::t10n ’ .
u(effectxveness efficiency,satisfaction, expend.ture)
2 species” orientation S . '
(1ntent,method,ya]ue,means)'
'3: measure orientation

¢
4

(physica],tFaNSfbrmationa1,définitiona1,synthetic)-

]

-

DEVELOPING CRITERIA FOR DATA COLLECTION
1: documentation reviews
2: survey collection

403
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SCALING CRITERIA FOR DATA MEASUREMENT
1: 'common scalingktechniques
counting_techniqués

R I
'£//i' ,3: - weighting techniques
. o4

. probabilistic-measurement techniques

' FORMULATING LINEAR INEQUALITIES

1: vector summations
2: slack storage units

3: .tautological decisioning vectors _
COMPUTING THE CONDITIONAL VECTOR R
1: raw-score summation techniaye - o o
S 2:° t-normal genera]ized,effecf’technique
: 3:N\diff¢ren§ja1 impact technique - ‘- 5
. (mean w/ standard deviation) o e T
4: special case of the 'scant' conflict matrix © -
PREPARING THE OBJECTIVE FUNCTION® e
"y . CONSTRUCTING THE DATABASE | |
o 1: *access to the CYBER 170/750
2: - use of the MINITAB package . i
3 T-Normal’traﬁsformations ' ’
N 4: matrix transposition procedures
5: conflict matrix generation® P
. . .. v . . L
STATISTICAL ROUTINES TO PRE-ANALYZE CRITERIA
1: Product-toment Correlation
2 Non-parametric Correlation
~3: Oneway Analysis of Variance
) 4: Factor Analysis.
. - MPOS(BBMIP) ROUTINE TO hNALYiE,MAM PROBLEM

1: access to the CYBER 170/750

404
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2: Northwestern Univer3ity MPOS Routines
3: use of the BBMIP infeger programming “routine
STATISTICAL ROUTINES TO POSTjANALYZE SOLUTION(S)
1: Oneway Analysis of Variance
2: TDiscriminant Function Analysis
- 3: Multivariate Regression
CYCLIC OPTIMIZATION AND THE TRACKING MATRIX
1: . dichotomy-scaled selection techniques =
.+ 2: -observation-scaled selection techniques °

STEPWISE SOLUTION(S)'kudﬁRQF-UPDATING

MODEL RELIABILITY AND‘SOLUTION VALIDITY

e
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* APPENBIX C:  PROPOSAL OUTLINE FOR MAA FIELD STUDY AROJECT

CONSTRUCTING THE'EDADM 508 PROJECT PAPER

<A Guide to Content and Sequence»

Item | Delineation of Contents

~

350 woros or Tess, in 3’pdragrapﬁs . u
1st paragraph = statement of mission
2nd paragraph = statement of method

.. 3rd p@}agraph ,,staoement of results

- ABSTRACT OF PROPOSAL

.
RW N

TITLE PAGE - . K 1. title of project, with short l-sentence
‘ ' B description of project "."
- 2. authorship credit, with credential
3 3. statement of- funding credit’:
‘4, statement of disclaimer

. all major topics, and main subtoplcs,

" by page reference S

.. - 2. appendice reference by -page ‘number
o 3. Tist of attachments ' )

LIST.OF FIGURES/TABLES 1;,fu1] t1t1e of f}gure and/or tab1°
B ) . with page reference :

o : ' § o
~ INTRODUCTION TO PROPOSAL 1. genera] 1ntroductxon to the proposed
' ' , program and/or project

ASSESSMENT OF NEED(S) 1. design of the aésessment, with statement
’ ' - of 'significant others’ participation .

407




2. rationale for data co]]écted: analiysis’

A ' . interpretatian(s), and decisions drawn

| ] 3. specific reference to the constructive

. o - ‘interrogative adverbs' of WHO, WHERE,
R : . WHEN, HOW, WHY, and WHAT 1,

? 4. discussion of mftiple alternative
A strategies toward problem resoTution,
S L P _ ?nd the (suggested)_strategy);p reconcj]e

' , direction ' '

STATEMENT OF PROBLEM 1. 1-page discussion of the perceived
o o . problem; more of a narrative summary
of the "assessment of need(s)" section

~ 'STATEMENT OF MISSTON' - 1. 1l-page statement of the intended direction’
' of_thefremediétion tactics to be o
developed-within ‘thé remainder of the

propbsa]
DELINEATION / OBJECTIVES 1. utilize the format of: - ' :
' . phasé.goa].objective.actiyity;task.

I - 2. structure this section in outline form:
S ’ 01 Statement of Phase . |
01.01 Statement of Goal - |
01.01.01 Statément‘of Objective
01.01.01.01 -Statement of Activity
01.01.01.01.01 Statement of Task

. NARRATIVE'DESCRIPTION 1. narrative explanation of projecf
2. review of supporting rationale for
3 + decisions made during design and
_ development . - . .
3. explanation of time and other resource
ﬁ allocations . - |

N R Y 408
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t

FORMATIVE EVALUATION

\

b

SUMMATIVE EVALUATION

&

REPORTING OF RESULTS

L

APPENDICE

A

4, explanation of responsi,b*},lity Assijgnments

B

5. summary via GANNT Chart

rd

explanation of framework.suggested to
conduct ‘program improvement' avaluation

2. definition of criteria to be measured
3. discussion of measurement schemes for

‘data co];ﬁpéwon - ; o ."‘
. denotati of major 'milestones' where

significant departures from expected'
schedule will require a restructur1ng
of the proposeq¢ program =/

.'exp]anation'bf,frameWOrk suggested -to -

condu;t ‘performance output' evaluation .

2. definition of criteria to be measured =

. discussion of measurement schemes for
‘data collection o
. suggested summary reporting procedures

for the assessment results to each of:
a. effectiveness (intent)
b.'efficfency " (method)
.C. satisfac twon (va]ue)
d (

. expenthure means)

. explanation of. the structure for the

final document to_be submitted at the
conclusion of the program's implementatiop

. introduction of 'sample' reporting

figures, tables or graphs

.. copy of goa]s/objectfvés flowchart

2. copy of act1v1t1es/tasks network

'summary of act1v1t1es' pages from the

409



CPM computer ana]ys1s

[} -

8 e 4. dayfwle page from the computer run
L e ) u v _j_ I N T .“53.‘ : B
e ATTACHMENTS - 1. any supportlng documentatwon,’figures e
: ~ or other materials, which are germane ’
-, ‘to presentatwon of the proposa] but’ not
nece§sarlfy a forma] nﬁ?t of the program
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